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Summary 
1 Summary 
The main goal of RV SONNE cruise SO 145 (Leg 1) - ECXO II - was to investigate exchange processes 
between the young oceanic crust and ocean using a variety of geophysical methods. These diffuse 
exchange processes comprise the exchange of energy and pore water between the hydrosphere and 
lithosphere. The investigation area was more or less identical to the 700 km long corridor of EXCO I 
(SO105, 1995) at the eastern flank of the East Pacific Rise (EPR) at about 14° S (south of Garrett 
Fracture Zone). In addition profiles west of the ridge just south of the Sojourn Ridge were surveyed to 
investigate a possible asymmetry of the spreading process. 
In order to achieve the goals of the cruise the following geophysical methods were used: 
• swath bathymetry (Hydrosweep) to map the ocean floor topography to supplement existing data 
• Parasound sediment echo sounding and single channel reflection seismics to map the thin 
sedimentary cover on juvenile oceanic crust 
• measurement of marine magnetic anomalies for dating purposes 
• determination of marine heat flow using a Lister type violin bow heat probe 
• measurement of electrical conductivity of deep sea sediments in situ 
• tests of small autonomous temperature data loggers attached to gravity core barrels for in situ 
temperature gradient measurement 
• sediment coring and measurement of physical properties on cores to complement in situ 
measurement of physical properties. 
The cruise SO 145 (Leg 1) began in Balboa (Panama) on December 21, 1999 and ended in Talcahuano 
(Chile) on January 28, 2000. Due to technical problems with the ship's rudder we had to terminate all 
scientific work on January 18, 2000 because RV SONNE had to go into dry dock in Talcahuano for 
repair. In total about 5 working days out of 23 were lost. Especially surveys of heat flow on well-
sedimented very young crust on the western flank of the EPR had to be cancelled due to the premature 
end of the scientific work. 
Preliminary results of the cruise can be summarized as follows: 
• During the cruise about 4400 km of Hydrosweep data were collected representing an approximate 
seafloor coverage of 29000 km2. Thus together with data from cruise SO 105 about 55000 km2 of 
swath data are available for interpretation within the corridor from ridge crest to about 9 ma old 
crust. The minimum water depth of about 800 m was detected over the Sojourn ridge (western flank 
of EPR). The bathymetric survey reveals a number of fossil overlapping spreading centers (OSC) at 
various spatial scales including a complex picture of interaction of OSCs during spreading. The 
abundance of seamounts derived from the new data set is much higher than estimated from SO 105 
data. Comparing subsidence east and west of EPR shows clearly an asymmetry with the western 
flank subsiding much slower than the eastern flank. 
• In total about 850 km of single channel seismic data were shot during the cruise, including one long 
profile of about 450 km length, perpendicular to the strike of the ridge. It starts south of the Sojourn 
Ridge (west of EPR) and terminates on the eastern flank on 1.5 ma old crust. This profile show very 
clearly an asymmetric character of sedimentation. The western flank is dominated by a 
comparatively thick sediment cover with well-sedimented basins between abyssal hills. On the 
eastern flank the sediment cover is much thinner and covers the crustal topography like a drape. In 
general it is possible to map a minimum sediment thickness of about 10 m. It is not clear what causes 
this pronounced asymmetric sedimentary processes. 
• Heat flow profiles at various crustal ages reveal a high spatial variability as expected from results of 
ECXO I. These variations correlate with ridge-graben structures and are consistent with models of 
diffuse advective heat and pore water transport as described in the literature. All measurements were 
integrated in the EXCO I data set and formed the basis for coring and pore water analysis during Leg 
2 of SO 145. Detailed mapping of heat flow in close vicinity of a seamount on 4.5 ma year old crust 
shows indication of open low temperature hydrothermal venting at the seafloor as indicated by 
maximum heat flow of about 600 mW/m2. This is an important observation as it helps to explain 
large scale heat transport systems in young oceanic crust. Values on the oldest ocean floor within the 
corridor are close to conductive plate cooling model values thus questioning the accepted 'sealing 
age' of oceanic crust of 50 to 60 ma. A short profile on 0.3 ma crust demonstrates the feasibility of 
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measurements on thinly sedimented crust very close to the ridge. Two successful gravity cores were 
taken with a recovered core length of about 6 m each. Needle probe thermal conductivity 
measurements and additional electrical measurements in the laboratory show a very good agreement 
between in situ thermal conductivities and laboratory values. 
The very successful work on the eastern flank of the southern EPR at 14°S, started during ECXO I 
(SO 105, 1995) and continued during EXCO II (SO 145, 1999) has to be complemented by additional 
work on the western flank in order to find convincing explanations for the strong asymmetry observed in 
different data sets. 
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3.1 Introduction 
In young and insignificantly sedimented crust, values of heat flow are widely scattered and fall below 
those expected for cooling solely by thermal conduction. This heat flow discrepancy is thought to reflect 
the transport of significant amounts of heat at the seabed by circulating fluids [Lister, 1972]. Results of 
this circulation are exhibited most spectacularly at the ridge crests where venting of fluids at 
temperatures of 350° to 400°C occurs. On ridge flanks the heat loss from cooling of the lithosphere 
drives circulation in the porous upper layers of oceanic crust. Here, at much lower temperatures, the 
vigor of hydrothermal circulation is reduced, but because of the vast areas of the seafloor where such 
circulation can occur, the majority of hydrothermal heat flux is off-axis [Stein and Stein, 1994]. 
The circulation of seawater through basalts and sediments plays a key role in the development of the 
physical and chemical nature of the upper crust. Houtz and Ewing [1976] recognized that 
hydrothermalism is an evolutionary process that affects the seismic properties of the volcanic edifice 
called layer 2A. They proposed that compressional wave velocities increase over a time spanning tens of 
millions of years. The most likely explanation for the increasing velocities is decreasing porosities of 
extruded basalts due to the filling of voids and cracks with hydrothermally generated minerals, a 
byproduct of off-axis hydrothermal circulation [e.g., Jacobson, 1992]. However, over the last two 
decades little progress has been made in refining and understanding the interaction between 
hydrothermal activity and the evolution of the seismic properties. A re-examination of the data from 
Houtz and Ewing [1976] and Houtz [1976] shows that some of their interpretations are compromised 
either by basement topography [Diebold and Carlson, 1993] or by assumptions in their interpretation 
methods [Carlson and Jacobson, 1994]. More recent studies have found that upper crustal structure is 
indeed a function of plate age; seismic velocities increase from approximately 2.2 km/s near mid-ocean 
ridges by a factor of 2 within less than 10 m.y. [Purdy, 1987; Rohr, 1994; Grevemeyer and Weigel, 1996; 
Carlson, 1998]. 
The mechanisms which affect the vigor of hydrothermal circulation, and hence changes in upper crustal 
seismic structure, have long been of interest. In a model of Anderson and Hobart [1976] the fluid flow 
into the crust is restricted when the basement is buried with 150-200 m of sediment. A second 
possibility, suggested by Anderson et al. [1977], is that the volume of water passing through the crustal 
rocks is reduced with age by decreased porosity and hence permeability of the crust due to hydrothermal 
deposition of secondary minerals. In this case the reduction in hydrothermal heat flux should correlate 
with variations in crustal seismic velocity. However, both increased sediment cover and reduced crustal 
permeability may contribute to restrict the fluid flow into the volcanic edifice [e.g. Jacobson, 1992]. 
Until 1995 only one recent study indicates that there is a strong correlation between the hydrothermal 
regime and the increase in seismic velocities in layer 2A east of the Juan de Fuca Ridge [Rohr, 1994]. 
Rohr [1994] proposed that seismic velocities increase as the crust is sealed by sediment and basement 
temperature rises. While in most ocean basins burial of basement occurs over several tens of millions of 
years, the eastern flank of the Juan de Fuca Ridge is covered rapidly by turbidite sediments from the 
adjacent North America continental margin. In turn this may produce a unique hydrogeological regime. 
In November and December 1995 researchers aboard the research vessel Sonne took on the challenge 
and investigated both upper crustal seismic structure and the heat transfer on the flank of a spreading 
ridge with thin sediment cover: the East Pacific Rise (EPR) at 14°S. 
This joint approach was called "EXchange between Crust and Ocean" (EXCO). The 1995 geophysical 
cruise was led by Wilfried Weigel (leg SOI05). Its results provided the required background for our 
1999/2000 program, now called EXCO II. Leg SO 145-1 introduced in this report is focusing in more 
detail on the heat flow patterns and its forcings, and on the tectonic evolution of the ridge segment to 
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assess variations in the crustal accretion process. Leg SO 145-2 is aimed to study the hydrogeological 
regime using pore water fluids of sediments and the alteration history of the volcanic edifice. 
The 1995 and 1999/2000 programs were conducted on the southern East Pacific Rise (SEPR) south of 
the Garrett fracture zone, where the SEPR is uncharacteristically devoid of any transform fault 
boundaries for nearly 1150 km [Lonsdale, 1989]. At the ridge crest, the axis morphology is characterized 
by a prominent bathymetric high with smooth flanks and a relatively flat summit [Lonsdale, 1989; 
Scheirer and Macdonald, 1993]. Seismic reflection imaging provides evidence for an axial magma 
chamber (AMC) reflector [Detrick et ah, 1993; Kent et al, 1994]. Both the blocky crestal ridge and the 
prominent AMC reflector are consistent with a magmatically active ridge segment [Detrick et al, 1993; 
Scheirer and Macdonald, 1993]. The accretion process at this portion of the EPR is very uniform along 
axis [Detrick et al, 1993; Kent et al, 1994], and the thickness of extruded basalts (i.e., layer 2A) doubles 
within 1-2 km of the ridge axis from 200-250 m to 500-600 m and remains nearly constant off-axis [Kent 
etal, 1994]. 
During the 52-day EXCOI cruise a 720-km long and 25 to 40-km-wide tectonic corridor on the eastern 
flank (i.e. the Nazca plate) was investigated [Weigel et al, 1996a]. The working area south of Garrett 
transform was located between 14°S and a minor ridge axis discontinuity at 14°27'S and was chosen 
because of its proposed simple structure. The results from the swath mapping sonar survey, seismic 
refraction studies and geothermal measurements will be briefly summarized on the following pages. 
3.2 Results from the EXCO I cruise 
The summary of results from the EXCO I cruise is based on works described and discussed in much 
more detail by Weigel et al [ 1996b], Grevemeyer and Weigel [ 1997], Jochum [ 1997] and Grevemeyer et 
al. [1997; 1998; 1999]. 
3.2.1 Magnetic and Bathymetric Data 
Magnetic anomalies were obtained after removal of the IGRF from total field data, recorded with a 
proton precession magnetometer of the IFREMER, Brest, towed along most profiles of the survey. Four 
extended profiles normal to the ridge axis were used to match the anomalies with the geomagnetic 
polarity reversals scale obtained from Cande and Kent [1992]. These authors showed that south of the 
Garrett fracture zone previously published higher rates towards the east (100 mm/yr between anamaly 3 
and 4A) could be eliminated by matching conjugated sets of data with best fitting poles of rotation. 
Because of asymmetric spreading, however, these higher rates could be real. Indeed, using magnetic 
anomalies from Cormier et al. [1996], it appears that up to anomaly 3 seafloor spreading towards the east 
is around 86 mm/yr, while it is only 68 mm/yr towards the west, giving an average half rate of 77 mm/yr. 
The EXCO I data were modeled with correction for the topography and paleo coordinates identical to 
present; the best fitting model confirms this high eastward rate. Furthermore, the good quality of the data 
allows an unambiguous identification of the sequence of reversals and points to a still higher rate during 
anomaly 3 (up to 116 mm/yr) followed by an abrupt drop (down to 70 mm/yr) occuring before anomaly 
3A and lasting up to anomaly 4A where the survey ends. To verify whether this pattern on the eastern 
flank (i.e. the Nazca plate) is due to asymmetric spreading, a conjugate dataset from the western flank 
(i.e. the Pacific plate) would be needed beyond anomaly 3 and up to 4A. 
By using 1:250,000 Mercator projection maps 46 seamounts taller than 100 m have been identified. 
These maps are based on bathymetry gridded at a 100 m spacing and contoured at a depth interval of 20 
m. Seamounts have been defined as all local highs having map-view aspect ratios <2 and relief > 100 m. 
For each seamount the position of its center, the seamount's distance from the EPR, its summit depth and 
its height was tabulated. Figure 3.1 displays the distribution and height of seamounts versus distance from 
the ridge axis. In general, recent studies on the EPR used only seamounts taller than 200 m [Scheirer and 
Macdonald, 1995; Scheirer et al, 1996b]. The SO 105 cruise provided 34 seamounts > 200 m height in 
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the 25,000 km2 area covered. These seamounts have an average abundance (number of seamounts per 
area of bathymetric coverage) of 1.4 smts/1000 km2. 
Seafloor roughness can be characterized in many ways; Grevemeyer et al [1997] used the roughness 
defined as the square-root of the average squared deviation about a linear trend [Malinverno, 1991], i.e., 
the seafloor roughness is given by rms height of abyssal hills. Two linear profiles were analysed. Each of 
these profiles, derived from swath-mapping bathymetry interpolated on a 100 m grid using continuous 
curvature splines in tension [Smith and Wessel, 1990], is composed of 16 40-50 km long profile 
segments. These profile segments do not cross any of the 46 seamounts identified above. 
The seafloor within 200 km of the ridge crest is characterized by a rms height of abyssal hills of 40-50 m. 
Typical seamounts superposed on the crust are less than 300 m high. At larger distances from the axis, 
estimated rms height increases, with values up to 110 m. In these regions, several seamounts rise more 
than 600 m above the surrounding seabed. Only near the end of the tectonic corridor beyond 650 km does 
the rms height decrease to values of 40 m with the complete absence of seamounts higher than 100 m. 
Of particular interest is the positive correlation between increasing relief of abyssal hills and increasing 
abundance and height of seamounts (Figure 3.1). Other field studies, however, do not support this trend: 
maximum abundance and size of seamounts are generally associated with shallower and broader ridge 
crest [Scheirer and Macdonald, 1995], while abyssal hill rms height is negatively correlated with the 
width of the ridge crest [Goffet al, 1993]. In addition rms height increases from the middle of a segment 
toward the ends [Goffet al, 1993], though Scheirer and Macdonald [1995] found a relatively uniform 
distribution of seamounts along axis, showing no strong preference for more seamounts near 
discontinuities or near midsegments. 
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Furthermore, seamount abundance and 
seafloor roughness show no common 
correlation with spreading rate. The rms 
height of abyssal hills decreases as 
spreading rate increases [Malinverno, 
1991; Goff, 1991], while the abundance 
of seamounts increases as the spreading 
rate increases [Scheirer and Macdonald, 
1995]. But seafloor roughness also 
increases going from fast spreading (112 
mm/yr) to "ultrafast" spreading rate (171 
mm/yr) [Goff, 1991]. If we consider data 
from Goff et al [1993], the threshold 
between increasing spreading rates and 
decreasing abyssal hill relief and again 
increasing relief is near 150 mm/yr (full 
rate). In Figure 3.1 we have plotted rms 
height and distribution of seamounts 
along with picks of magnetic anomalies 
used to calculate the spreading rate. 
Indeed, there is a strong correlation 
between increasing spreading rate, 
increasing seafloor roughness, the 
emplacement rate and height of 
seamounts. Although our survey does not 
provide complete coverage of the ridge flank, it is reasonable to hypothesize that the along flowline 
variations in seafloor morphology are almost dictated by variations in spreading rate. 
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Figure 3.1 Seafloor statistics versus offset from ridge axis 
Although the quality of bathymetric maps is very good, the quantity of coverage is rather poor. In total, 
our survey provided 4200 line kilometers of Hydrosweep multibeam bathymetry (-25,000 km2) covering 
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zero-age to 8.5 m.y. old crust. Using 1 Myr bins, only about 3000 km" seafloor of the same age have been 
explored. Obviously, our statistical estimation with 1.4 smts/1000 km2 taller than 200 m is only an initial 
assessment on the size and the distribution of seamounts south of the Garrett fracture zone. 
Southwards between 15-19°S Scheirer et al. [1996b] estimated a density of 2.9 smts/1000 km2 which are 
higher than 200 m. Most of the observed seamounts are in the Rano Rahi seamount field on the Pacific 
plate. But the seamounts on the Pacific flank are not distributed uniformly - there are twice as many 
edifices > 200 m tall south of 17°S (4.4 smts/1000 km2) as there are to the north (2.2 smts/1000 km2). 
Size and distribution of volcanic edifices in the Rano Rahi field on the western flank are quite different 
from the eastern flank. Most of the volcanic edifices on the Pacific flank are arranged in major chains, 
while data from the Nazca plate provided only evidence for a short seamount chain near 109°30'W and 
three short chains between 17°-18°S [Scheirer et al, 1996a]. But the bulk of edifices eastwards from the 
EPR is not associated with chains. It is possible that both populations are caused by different 
mechanisms. Several mechanism may account for the emplacement of near-axis seamounts [see Scheirer 
et al, 1996b]. However, Grevemeyer et al. [1997] argued for a model where short seamount chains are 
generally caused by independent buoyant upwelling mini plumes [Barone and Ryan, 1990; Shen et al, 
1993], while seamounts not associated with chains may imply melting of mantle heterogeneities 
embedded in the upwelling system beneath the ridge [Wilson, 1992]. Moreover, the major seamount 
chains on the Pacific plate are probably related to some other cause due to unusual lithospheric and/or 
asthenospheric properties beneath the Pacific seafloor [Scheirer et al, 1996b], Recently, some authors 
argued that patterns of off-axis volcanism and asymmetric subsidence may be related to ridgeward 
asthenospheric flow from off-axis plume source [Phipps Morgan et al, 1995; Grevemeyer, 1996]. 
Asymmetric subsidence is evident along the SEPR [Cochran, 1986], and Phipps Morgan et al. [1995] 
provided geophysical evidence for a flow connection between the Society hotspot plume and the SEPR. 
Clearly, much more data from the ridge flanks will be needed to address these questions in more detail. 
3.2.2 Geothermal Measurements 
In order to assess the regional decrease of heat flow with age as well as the known, highly variable local 
values, geothermal gradient and in situ thermal conductivity measurements were made at age intervals of 
roughly 0.5 m.y., that is, at 45 km intervals [Weigel et al, 1996b; Kaul et al, 1996; Grevemeyer et al, 
1999]. Regional stations consisted of up to nine penetrations on short profiles parallel and normal to the 
ridge axis. To assess the correlation between seafloor relief and heat flow, 20 penetrations were placed 
along a profile covering 1.5 to 1.7 m.y. old seafloor. The spacing between the penetrations was 1000 m. 
At the end of the survey, 16 locations comprising a total number of 86 penetrations were explored and in 
situ conductivity measurements were made at 43 locations. Figure 3.2 shows the heat flow values as a 
function of plate age. The heat flow values range from 60 to 470 mW/m2 and show significant variations, 
both along isochrons and with age. In general, almost all values lie below the trend predicted by the plate 
cooling model, suggesting that significant amounts of heat are being removed by hydrothermal 
circulation. However, even in the case of very high heat flux on crust < 1 Ma and a sediment thickness of 
less than 10-20 m, no signs of advective fluid flow can be detected [Kaul et al, 1996]. But the scatter 
decreases for ages greater than 6 Ma and the observed heat flux approaches the conductive-cooling curve 
on ~7 m.y.old seafloor. 
Existing published heat flow measurements [von Herzen and Uyeda, 1963; Langseth et al, 1965; 
Anderson et al, 1978] (referred to as old data set in the following discussion) on the EPR are mostly 
about 200 km north or south of the EXCOI heat flow transect with some overlap. Both data sets (old and 
new) show the typical behavior of heat flow on ridge flanks: the large heat flow variations close to the 
ridge decrease with increasing crustal age, as expected. However, there are two important differences 
between the published and the new data sets. First, the spacing of individual measurements in the old 
data sets is generally of the order of 50 to 100 km, compared to 1000 m in our study. Therefore they do 
not allow us to infer local variability due to variations of sediment thickness or local recharge/discharge 
of water. Second, heat flow values of the old data sets are based on thermal conductivities, measured on 
core samples with needle probes [von Herzen and Uyeda, 1963; Langseth et al, 1965; Anderson et al, 
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1978]. These thermal conductivities are about 20 - 25% lower than our in situ values [Kaul et al, 1996], 
a discrepancy that cannot be explained by temperature or pressure effects alone. It is, however, very 
likely that the needle probe measurements suffered from systematic errors of unknown cause. In situ 
thermal conductivities measured with the 
600 | ' i1 ' ' ' ' ' ' ' ' ' ' l ' ' ' ' ' ' ' ' ' | Lister probe on previous cruises agree very 
well with measured values on cores [Davis 
et al, 1997]. Therefore, it is believed that in 
situ thermal conductivities are correct 
within their inherent error limits of ±3%. 
In order to better understand the thermal 
regime along the investigation corridor, heat 
flow values were correlated with the 
topography. Previous investigations 
indicated that fluid circulation is controlled 
by basement topography [e.g., Davis and 
Villinger, 1992; Johnson et al., 1993; Fisher 
et al, 1994], with higher heat flow at 
summits of abyssal hills and lower values in 
the valleys. However, measurements in the 
vicinity of normal faults that bound the 
valleys indicate that faults also serve as 
conduits for both discharge and recharge 
[Davis and Villinger, 1992; Johnson et al., 
1993]. 
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Figure 3.2 Heat flow data obtained along the EXCO 
corridor. In crust younger than 7 Ma, measurements of 
heat flow are widely scattered and fall below those 
predicted by plate cooling models (broken line: plate 
cooling model [Parson and Sclater, 1977]; solid line: 
composite heat flux model with hydrothermal cooling 
[Pelayo et al., 1994]). At 7 Ma heat flow approaches 
values of the plate cooling model. 
Unfortunately, seismic reflection and 4-kHz 
(Parasound) profiling often provided only 
poor images of the sedimentation pattern, 
which may indicate that the sediment 
thickness is below the resolution of the experimental setup at several locations. The data are often 
plagued with reflections and diffractions from seafloor features such as abrupt fault scarps, collapsed 
lava tubes, small hills, and troughs. Moreover, out-of-plane scattering from a rough seafloor may 
contribute to the noise in the reflection profiles. These scattered seafloor events indicate that the 
basement is only thinly buried with sediments. Nonetheless, seismic reflection, refraction, and 4-kHz 
data can be used to provide an initial assessment of the overall sedimentation pattern, suggesting that the 
sediment thickness for 0.5- to 1.0-, 1.5- to 5.0-, and 8.3-m.y.-old crust is in the order of < 10 m, 20-50 m, 
and 10-30 m, respectively. Immediately to the south, fault scarps are very well preserved in Seabeam 
2000 sidescan data [Cormier et al, 1997]. The fact that fault scarps a few hundred meters high are very 
clearly imaged out to 4 Ma suggests that sediment cover is at most a few tens of meters at this age (M.-H. 
Cormier, personal communication, 1997). Therefore, seafloor topography derived from swath-mapping 
bathymetry should be a good approximation of the basement topography. 
In agreement with previous studies, results show that circulation of hydrothermal fluids is controlled by 
the basement topography . In general, basement highs are associated with high heat flow values while 
graben structures display low values. Although measurements on the summits of two abyssal hills at 1.5-
1.7 Ma are coarsely spaced and the local variations in heat flow may not be well resolved, we suggest 
that two local heat flow anomalies may correlate with high permeability pathways, through which the 
recharge of seawater occurs. At these sites heat flow values roughly decrease from 260 to 105 mW/m2 
and from 340 to 90 mW/m2, respectively, while basement topography remains nearly unchanged at both 
locations. Similar observations are made on profiles along isochrons. Thus two different forms of 
hydrothermal circulation may occur within oceanic crust, which are controlled by (1) the "background" 
permeability, producing a heat flow pattern which roughly mimics the topography, and (2) high-
permeability conduits, providing local heat flow anomalies. However, it might be reasonable to 
hypothesize that such high-permeability pathways can support low-temperature off-axis vents which 
may occur elsewhere. 
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In a region of insufficient sediment blanketing, the transition to a predominantly conductive thermal 
regime is inherently affected by the permeability structure of uppermost oceanic crust. According to the 
observed regional heat flow pattern, it thus appears that crustal evolution has reduced upper crustal 
permeability to a value insufficient to support a vigorous hydrothermal circulation system. The off-axis 
hydrogeological regime, however, is also affected by basement topography and basal heat flow [Davis 
and Villinger, 1992; Johnson et ah, 1993; Fisher et al, 1994]. In the statistical study described above, 
Grevemeyer et al. [1997] estimated the rms height of abyssal hills in the EXCOI corridor (Figure 3.1). 
With an rms height of only 40 m the seafloor is remarkably smooth where the heat flow approaches the 
plate cooling model. In terms of numerical simulations a decreasing basement relief produces a reduction 
in the discrepancy between observed and predicted heat flux [Fisher et al, 1994]. Thus heat flow values 
on ~8-m.y.-old crust may reflect both reduced upper crustal permeability and the impact of a smooth 
basement. Moreover, even a thin sediment layer over older crust may cause enough conductive refraction 
at the seafloor to mask the variations in seafloor heat flow associated with off-axis hydrothermal 
convection. 
Dating of alteration minerals [e.g., Staudigel and Hart, 1995; Staudigel et al., 1996; Peterson et al., 
1986; Hart et al., 1994] suggests that most of the minerals form within 10-15 m.y. after crustal 
emplacement. Global ocean heat flow [Stein and Stein, 1994], however, claims that the sealing age for 
the Pacific ocean is reached at a crustal age of about 65 m.y. According to Stein and Stein [1994], the 
sealing age is defined as the age where the observed heat flow approximately equals the heat flow 
predicted by a purely conductive cooling model, that is, the age where hydrothermal circulation between 
crust and the ocean has largely ceased. Therefore, there is a discrepany between constraints from 
alteration studies and global heat flow estimates. The EXCO I cruise provided values scatterd about the 
plate cooling model [Parson andSclater, 1977] on 8 m.y. old seafloor (Figure 3.2), more consistent with 
the age of alteration products, though, this trend might be affected by the smooth basement topography. 
However, if mining of heat occurs primarily by channelized flow through a relatively small volume of 
rock [Fisher and Becker, 2000], alteration studies might be biased by their coverage. 
3.2.3 Seismic Experiment 
To sample variations in upper crustal velocity structure, six 50- to 100-km-long refraction lines were 
shot over 0.5 to 8.3 m.y. old seafloor [Grevemeyer and Weigel, 1997; Grevemeyer et al, 1998; 1999]. In 
total, 17 OBHs provided data useful for geophysical interpretation. To reveal the seismic velocity 
structure, travel time data were calculated using a two-dimensional ray-tracing approach to fit the 
observed travel times within their error bounds. 
The modeling yielded a velocity structure which closely matches the seismic structure of layer 2 found 
along the EPR [e.g., Kent et al, 1994; Christeson et al, 1997]. The upper crust consists of a surficial 
low-velocity layer 2A (400-700 m thick) underlain by layer 2B with velocities > 5.2-5.6 km/s. With age, 
however, velocity at the top of layer 2A increases gradually from -2.9 km/s in 0.5-m.y.-old crust to a 
value of 4.3 km/s in 8.3-m.y.-old crust (Figure 3.3). In addition, the data indicate a decrease of the 
vertical velocity gradient in layer 2A with age. A similar observation was made by Purdy [1987] on the 
western flank of the Mid-Atlantic Ridge. This observation could be interpreted in terms of a progressive 
upward sealing of oceanic crust by secondary minerals, as suggested by Peterson et al. [1986]. However, 
there might be a trade off between gradient and attenuation, which is high for layer 2A over young crust 
[Christeson et al, 1994b]. Therefore velocity gradients of upper oceanic crust might be tenuous. 
At the ridge crest of the SEPR at 14°S, wide aperture profiles (WAP) yielded a velocity of 2.35 km/s at 
the top of the volcanic basement [Tolstoy et al, 1997], suggesting that layer 2A velocities rapidly 
increase close to the ridge axis (-0.8-1 km/s per 1 m.y.) and slowly thereafter (0.1-0.2 km/s per 1 m.y.). 
Along with our new data a compilation of seismic velocity determinations is shown in Figure 3.3. 
Because marine seismologists have shown the presence of horizontal anisotropy in upper oceanic crust 
[Stephen, 1985; McDonald et al, 1994], we included only those values obtained shooting parallel to the 
ridge axis direction. We compiled velocities derived from ESP [Harding et al., 1989; Vera et al, 1990], 
11 
3 Scientific Prospectus and Background 
I ' I ' I 
8 9 10 11 
Crustal Age [m.y.] 
Figure 3.3 Upper crustal or layer 2A velocity as a function of 
basement age. We characterize layer 2A by its velocity at the 
top of the layer. Along with our new results (stars), we show 
velocities derived from wide aperture profiles (solid 
diamond) [Tolstoy et al, 1997], expanding spread profiles 
(squares and inverted triangles) [Harding et al., 1989; Vera et 
al, 1990], and on-bottom seismic measurements (open 
circles) [Christeson et al, 1994a]. These data are from the 
East Pacific Rise. In addition, we included vertical seismic 
profiling measurements from Deep Sea Drilling Project hole 
504B (triangle) [Stephen, 1985] and from an on-bottom 
seismic experiment on the Mid-Atlantic Ridge (open 
diamond) [Purdy, 1987]. Solid circles are mean values from a 
global statistical analysis of seismic velocity data from layer 
2A [Carlson, 1998]. 
WAP [Tolstoy et al, 1997], vertical 
seismic profiling (VSP) [Stephen, 
1985] and on-bottom seismic 
experiments [Christeson et al, 1994a]. 
Although only one VSP experiment 
from Deep Sea Drilling Project 
(DSDP) Hole 504B [Stephen, 1985] is 
available on off-axis crust, the data are 
in good agreement with our estimates. 
This observation suggests that the 
trend found on the SEPR might be 
common for large areas of the Pacific 
ocean. It is also interesting to note that 
data from the Atlantic ocean [Purdy, 
1987] support the same trend (Figure 
3.3). Profound differences between the 
emplacement process of extrusives at 
slow- and fast-spreading ridges have 
been observed [e.g., Bonatti and 
Harrison, 1988]. However, according 
to the trend found here, it seems 
reasonable to hypothesize that the 
accretion process does not affect the 
age-dependent structure of oceanic 
crust. Clearly, much more data from 
the ridge flanks will be needed to 
understand the evolution of the seismic 
properties in more detail, though a 
recent statistical investigation of 102 
published velocity determinations of 
upper oceanic crust [Carlson, 1998] 
provides an excellent agreement with 
the data shown in Figure 3.3. 
Therefore, it could be argued that there 
is a global trend for upper crustal 
structure versus age. 
However, while velocities within the upper most crust show age-dependent features velocities of mid 
and lower crustal rocks show uniform values [Grevemeyer et al, 1998]. Consequently, it is unlikely that 
off-axis hydrothermal circulation has any impact on (or goes down to) the mid and lower crust. In 
addition, crustal thickness was found to be nearly constant at 6 km. Despite this homogeneous character 
of oceanic crust, some deviations have been observed. Most profoundly, uppermost crust or layer 2A is 
thickest where Grevemeyer et al. [1997] detected the rough seafloor [Grevemeyer et al, 1999]. Bazin et 
al. [1998] detected a thick extrusive lava pile at off-axis discordant zones associated with overlapping 
spreading centers. This observation may support the idea that migrating overlapping spreading centers 
(OSC) could be responsible for the apparent higher spreading rates [Grevemeyer et al, 1997] deduced 
for that seafloor (M.H. Cormier, personal communication). 
3.2.4 Summary and Conclusions of EXCOI 
The 1995-cruise presents swath-mapping sonar, magnetic, heat flow and seismic refraction data from 
thinly sedimented seafloor created over the last 8.5 m.y. at the "superfast" spreading East Pacific Rise 
south of the Garrett fracture zone. The primary objective of the work is to understand the processes that 
control and affect the hydrogeology and the evolution of the structure of upper oceanic crust as seafloor 
ages. A number of conclusions can be reached: 
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1) A statistical analysis of bathymetric data by characterizing the abyssal hill morphology and population 
of seamounts suggests that the crustal accretion process was variable over the last 8-9 m.y.; spreading 
rates and hence crustal ages were deduced from the reversals of the magnetic field. However, spreading 
rates and seafloor morphology indicate that the ridge segment could be interpreted as typically fast-
spreading. 
2) In crust younger than 6-7 Ma, heat flow values are widely scattered and fall below those expected for 
cooling solely by thermal conduction. 
3) Hydrothermal circulation is generally controlled by the "background" permeability, yielding a heat 
flow pattern which roughly mimics the topography. However, high permeability conduits can produce 
local heat flow anomalies. 
4) For crust older than 6 Ma the scatter among heat flow values decreases and the regional heat flux 
approaches values predicted by plate cooling models on 7 to 8 m.y. old crust. Alteration studies indicate 
that crustal evolution continued for at least 7 m.y. and possibly up to 15 m.y. [e.g., Peterson et ah, 1986; 
Hart et ah, 1994], We therefore suggest that within 10-15 m.y. hydrothermal alteration decreases upper 
crustal permeability to values insufficient to promote hydrothermal activity in upper oceanic crust. 
5) Two-dimensional modeling of 17 OBH split profiles reveals a two-stage evolution of seismic 
velocities in layer 2A: rapidly at young ages (< 0.5 Ma) and gradually thereafter. In young crust, both 
hydrothermal precipitation of secondary minerals and tectonism may contribute to reduce porosity in the 
extrusive section of oceanic crust. Off-axis, seismic velocities increase because open void spaces are 
filled with hydrothermally generated minerals. Layer 2A velocities increase gradually to values of 
mature oceanic crust within 8-10 m.y. Thereafter the impact of hydrothermal circulation on the evolution 
of the seismic properties is negligible. 
6) Generally, crust created over the last 8-9 m.y. was quite homogeneous with a mean thickness of about 
6 km. However, layer 2A was found to be thickest where the seafloor morphology indicates its roughest 
relief, probably related to migration paths of overlapping spreading centers. 
3.3 Aims of EXCO II - Leg I 
The EXCO II cruises are a direct consequence and continuation of the 1995 survey. The main goals of 
the geophysical leg 1 could be divided into the two major topics (i) evolution of the ridge segment over 
the last 9 m.y. and (ii) detail study of the hydrogeology of (heat transfer through) a thinly sedimented 
ridge flank. However, because variations in the activity of a ridge axis and migrating overlapping 
spreading centers affect the crustal structure and seafloor features, both issues are closely related. 
EXCO I provided systematic variations of the rms hight of abyssal hills and the abundance and height of 
seamounts. These features might be related to migrating and now fossil overlapping spreading centers. 
To recover the discordant zones of OSCs we have to extend the width of the narrow corridor covered 
with swath-mapping bathymetry. We, however, decided to survey an area as large as possible to close 
the gaps between seafloor surveyed to the south [e.g., Cormier et ah 1997], the EXCO I corridor and the 
Garrett fracture zone; thus not to cover the seabed continuously but with single and separated 
Hydrosweep swath profiles and magnetics. In addition, we map a conjugated profile on the westflank of 
the ridge to reveal whether high spreading rates modeled by Grevemeyer et ah [1997] are due to 
asymmetric spreading or are caused by migrating OSCs, as detected near 17-21 °S [Cormier et ah, 1996]. 
To reveal properties affecting and controling the hydrogeological regime of ridge flanks we planned to 
study different settings in detail. First, during EXCO I a 10-km long heat flow transect was obtained on 
~1.5 m.y. old seafloor. Spacing between individual penetrations have been 1 km. This survey provided 
evidence for high permeability path ways through which the recharge of seawater occurs. However, the 
recharge zones are characterized by a single measurement. Therefore, we would like to place new 
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stations in between the existing locations to better understand the dimension of those high permeability 
zones. Second, we would like to understand the importance of topographic forcings on the circulation 
pattern. Two targets have been chosen; one with a rough seabed and one with a smooth seafloor and low 
topographic gradient. Third, seamounts are quite abundant in the ridge flank environment. Could they act 
as high permeability path ways penetrating the sedimantary cover and how important are they for the 
global heat transfer through the ocean floor? Finally, EXCOI provided discrepancies between previous 
estimates of the thermal conductivity of sediments by using core samples and needle probes and the in 
situ measurements obtained with our Lister probe. Because thermal conductivity is inherently affecting 
the calculated heat flow, this parameter is important to be measured accurately. Therefore, both in situ 
measurements and measurements on piston cores are obtained at some locations. 
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4 Agenda of the Cruise 
SONNE cruise SO 145 (Legl) started on December 21 1999 in Balboa (Panama) and ended on January 
28, 2000 in Talcahuano (Chile). SONNE left port on December 21 at 18:00 after the late arrival of 
crucial food supplies had delayed the departure by almost a day. The ship took the western exit of the 
Panama Canal and headed west towards the working area, passing the numerous cargo vessels anchored 
there and waiting for the Canal Passage. During the first days of transit we set up the laboratories and all 
scientific equipment. After we had passed the economic zone of Ecuador around the Galapagos Islands 
on December 26, we tested the seismic equipment and the marine magnetometer and recorded for about 
one hour. All tests were satisfactory. From this moment on the Hydrosweep system recorded 
continuously until January 24, 2000. 
We began our work with a Hydrosweep and magnetic survey across the Sojourn Ridge west of the East 
Pacific Rise (EPR), a large submarine ridge of unknown age and origin, which comes up to 700 m below 
the sea surface. South of it, we started a 700 km long seismic line perpendicular to the ridge which took 
us to oceanic crust of an age of about 1.5 million years where we explored seismically an area in which 
we conducted detailed heat flow measurements to map the topographic and hydrological effects of basins 
and ridges on local heat flow variations. In the center of the area we took a CTD cast to get a sound 
velocity and temperature profile for Hydrosweep and heat flow measurements. Our work in this area was 
concluded with a successful gravity core. 
Detailed Hydrosweep profiles north of this area on 2 - 3 million years old crust revealed large 
bathymetric features, which are probably traces of an abandoned 'overlapping spreading center' and 
extend to the north close to Garret Fracture Zone. 
The second detailed investigation took place on crust of 4 million years where we wanted to study the 
influence of seamounts on local heat flow variations. The area is located between a seamount which was 
mapped during EXCO I (SO105) and a large edifice to the south which showed up on the edge of the 
existing EXCO I transect. Our initial seismic and bathymetric survey revealed that this edifice was quite 
large but had not a conus-like shape but is instead an elongated ridge of substantial height, in a way 
comparable to Sojourn Ridge. Heat flow profiles between these two submarine mountains show high 
heat flow values at the foot of the seamount which was confirmed by additional closely spaced 
measurements. Again, a gravity core, which was not successful, was taken at the end of our work. 
Crust with an age of about 6.5 million years with the lowest heat flow values measured during EXCO I 
was the next target. The few measurements previously available were confirmed on a profile towards a 
small unsedimented topographic high after surveying the area with seismics. In addition a gravity core 
with full core recovery was taken. 
Further to the southeast a large Hydrosweep survey, lasting about three days, mapped traces of 
'overlapping spreading center'. Unfortunately the weather changed during that time and winds of up to 
force 8 and high swell deteriorated considerably the quality of Hydrosweep and magnetic data. At the 
most eastern end of the survey we took another CTD cast in a water depth of about 3900 m in order to be 
able to characterize the water body from ridge out to about 8 million year old crust. 
On our way back to the ridge more Hydrosweep surveys south and north of the EXCO I transect were 
done. We stopped on very young oceanic crust (300 000 a) to map the influence of hydrothermal 
circulation on heat flow close to the ridge. Despite the very thin sediment cover all measurements were 
successful. 
From our previous seismic work west of the ridge we picked two target profiles for heat flow and local 
seismic survey. We just started one profile in the early morning of January 18, when the captain 
announced that all scientific work had to be cancelled as the ship's rudder had severe technical problems 
and the ship had to go into dry dock in Talcahuano (Chile). Therefore we departed immediately for the 
10 day transit, and arrived there on January 28, 2000. During the complete cruise the ship traveled 7704 
nautical miles in total. 
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SO 145 
Legl 
EXCO II 
Wochenbericht Nr. 1 
20.12.-27.12.1999 
Balboa - Osterinseln 
FS SONNE 
AN: Frau Dr. B. Tanner; Forschungszentrum Julich, BEO b.tanner@fz-juelich.de 
Nach der wohlbehaltenen Ankunft aller Teilnehmer in Balboa liefen wir am spaten Nachmittag des 21. 
Dezembers aus und nahmen Kurs auf das erste Arbeitsgebiet westlich des Ostpazifischen Ruckens in der 
Nahe des Sojourn Ruckens bei 13°S, 115°W. Ziel der ersten geophysikalischen Untersuchungen 
(Bathymetrie, Seismik und Magnetik) an der Westflanke wird es sein, die vermutete Asymmetrie des 
Spreizungsprozesses zu iiberprufen. 
Die Tage bis zum Erreichen des Arbeitsgebietes werden zum Aufbau der Gerate an Deck und zum 
Einrichten der Labore benutzt. In Vortragen iiber die geplanten Arbeiten aber auch uber spezifische, auf 
dieser Reise einzusetzende Methoden bereiten sich die Teilnehmer auf die vor ihnen liegenden 
wissenschaftlichen Aufgaben vor. 
Am Heiligen Abend lud Kapitat Andresen die Besatzung und die wissenschaftlichen Fahrtteilnehmer zu 
einer kurzen Feierstunde ein, in der er in einer kurzen Ansprache alien ein frohes Fest wiinschte und die 
zahlreichen GruBbotschaften zum Weihnachtsfest verlas, die per Fax und E-mail eingetroffen waren. 
Den Abend beschloB ein festliches Essen mit anschlieBendem gemutlichen Beisammensein in der 
weihnachtlich geschmiickten Messe. Der Hohepunkt des 1. Weihnachtsfeiertages war das traditionelle 
Festessen mit Entenbraten, Rotkohl und KloBen. Fur die meisten der wissenschaftlichen Teilnehmer war 
dies ihr erstes Weihnachtsfest auf See und wird ihnen sicherlich noch lange in guter Erinnerung bleiben. 
Unser Dank geht an Kapitan Andresen und vor allem an die Crew, die so hervorragend fur unser 
leibliches Wohl wahrend der Festtage gesorgt hat. 
Nach dem Verlassen der 200-Meilen-Zone der Galapagos-Inseln erprobten wir am Vormittag des 26. 
Dezembers die Seismik und Magnetik. Alle Gerate arbeiteten ohne Probleme, so daB wir gegen Mittag 
den erfolgreichen Test beenden konnten. Gegenwartig bereiten wir die geplanten Profile im Detail vor. 
Im Namen der wissenschaftlichen Fahrtteilnehmer wiinsche ich Ihnen, Frau Dr. Tanner und dem Team 
bei BEO ein gluckliches und erfolgreiches Neues Jahr. 
H. Villinger Fahrtleiter SO 145-1 
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SO 145 
Legl 
:xco II 
Wochenbericht Nr. 2 
28.1.1999-3.1.2000 
Balboa - Osterinseln 
FS SONNE 
AN: Frau Dr. B. Tanner; Forschungszentrum Jiilich, BEO 
b.tanner@fz-juelich.de 
Die wissenschaftlichen Arbeiten begannen am 30.12. mit einer Hydrosweep-Vermessung am Sojourn-
Riicken und einem sich daran anschlieBenden langen seismischen Profile von der Westflanke des 
Ostpazifischen Riickens bei ca. 13° 30'S /117° W bis zur ersten geplanten Warmestromdichtestation auf 
ungefahr 1.5 Millionen Jahre alter Kruste an der Ostflanke, womit wir heute Nacht beginnen werden. 
Der Sojourn-Rucken, ein ungefahr 300km langer und senkrecht zum Riicken streichender Gebirgzug, 
taucht von ca. 3300m Wassertiefe bis auf ca. 700m unter die Meeresoberflache auf. Seine Entstehung, 
sein Alter und seine Detailstruktur ist bislang noch unklar. Im Norden und Siiden wird der Riicken durch 
eine Depression begrenzt, die durch die Durchbiegung der Lithosphare aufgrund der Auflast entstanden 
ist. Die bathymetrischen Vermessungen zeigen, daB der Riicken im Siiden von einer Vielzahl von 
Seamounts begleitet wird, die sich im Datensatz der Satellitengravimetrie andeuten. Aufzeichnungen mit 
dem Sedimentecholot Parasound zeigen sowohl im Norden wie auch im Siiden des Riickens machtige 
Sedimentpakete. In den begleitend durchgefiihrten Messungen des Erdmagnetfeldes ist die vom Sojourn-
Rucken verursachte Anomalie deutlich zu erkennen. Die Modellierung dieser Daten in Verbindung mit 
der Bathymetrie und der Flexur der Lithosphare wird einen weiteren Baustein fur die Erforschung dieses 
Riickens bilden. 
Das sich an diese bathymetrische Vermessung anschlieBende ungefahr 700km lange seismische Profile 
hat zum Ziel, eine sich aus anderen Daten andeutende Asymmetrie des Spreizungsprozesses ostlich und 
westlich des Ostpazifischen Riickens zu erhellen. Dazu werden die magnetischen Messungen wie auch 
die Analyse der Bathymetrie herangezogen werden. Aus den online-Aufzeichnungen der qualitativ sehr 
guten seismischen Daten laBt sich unter einer bis zu 200m machtigen Sedimentbedeckung die 
Topographie des Basements gut erkennen und mit den vorliegenden Daten von Kruste entsprechenden 
Alters der Ostflanke, gemessen auf EXCO I, vergleichen. 
Fur eine kurze Unterbrechung dieses Profiles sorgte der Jahreswechsel, zu dem alle Navigationssysteme 
wie auch Hydrosweep abgeschaltet werden muBten. Wir unterbrachen fur ca. zwei Stunden unsere 
Messungen, bis das System dank der guten Vorbereitung der Systemoperateure wieder erfolgreich lief. 
Herzlichen Dank alien Beteiligten, insbesondere den beiden ,Sysopsen'. Da dieser ,Jahreswechsel' nach 
GMT vollzogen werden muBte und um 19 Uhr Bordzeit stattfand, konnten wir dann urn Mitternacht -
nach Bordzeit - alle zusammen erleichtert auf dem Achterdeck auf das Neue Jahr anstoBen. 
Zur Zeit erkunden wir mit einer seismischen Vermessung die Lokationen fur die heute Nacht geplanten 
Warmestromdichtemessungen, der ein CTD-Profil vorausgehen wird. 
H.Villinger 3.1.2000 Fahrtleiter SO 145-1 
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SO 145 Wochenbericht Nr. 3 
Leg 1 4.1. - 10.1. 2000 
EXCOII Balboa - Osterinseln 
FS SONNE -
AN: Frau Dr. B. Tanner; Forschungszentrum Julich, BEO Ky/J Ssbs 
^ ^ . ^ Panama - Ei 
b.tanner@fz-juelich.de 
S0149 
Exchange Craat - Ocaan 
" 999-28 .02 .2000 
• a ta r I s l a n d - A r l e a 
Nach AbschluB des langen, quer zur Riickenachse verlaufenden Profiles wird 
immer deutlicher, daB eine ausgepragte Asymmetrie sowohl in den 
tektonischen als auch sedimentaren Prozessen vorhanden ist. Wahrend im Westen des Ruckens noch bis 
zu abgeschatzten Krustenaltern von 2 Millionen Jahren sedimentare Becken mit ausgepragter interner 
Struktur zu beobachten sind, fehlen diese auf der konjugierten Seite im Osten. Dort ist eine nach ersten 
Ergebnissen eine diinne, mehr oder weniger kontinuierliche Sedimentbedeckung zu beobachten. Die 
tektonischen Strukturen im Osten des Ruckens sind bis zu Krustenaltern von einigen Millionen Jahren 
von Blocktektonik mit teilweise fast senkrechten Versatzen gekennzeichnet. 
Die Arbeiten der vergangenen Woche konzentrierten sich auf zwei Krustenbereiche mit einem Alter von 
1.5 bzw. 4 Millionen Jahren. Nach einer seismischen Detailuntersuchung begannen die 
Warmestromdichtemessungen bei 1.5 Millionen Jahren alter Kruste auf einem wahrend EXCO I 
begonnen Profil und dienten zur detailierten Erfassung von groBen lokalen Anderungen der 
Warmestromdichte, die offensichtlich mit Becken- und Riickenstrukturen verbunden sind. Im Zentrum 
des Gebietes wurde mit der CTD ein komplettes Profil der Wassersaule vermessen, um zum einen die 
wahrend der Warmestromdichtemessungen gemessenen Temperaturen kalibrieren zu konnen und um 
zum anderen ein Vertikalprofil der Wasserschallgeschwindigkeit fur die Hydrosweep-Auswertungen zur 
Verfugung zu haben. An dieser Position wurde auch erfolgreich ein 6 m langer Schwerelotkern gezogen. 
Zur Uberprufung des lokalen Temperaturgradienten waren am Kernrohr autonom registrierende kleine 
Temperaturdatenlogger befestigt, mit denen erfolgreich ein Temperaturprofil liber diesen Tiefenbereich 
gemessen werden konnte. 
An diese Arbeiten schloB sich auf Kruste von ca. 2 - 3 Millionen Jahren eine langere Hydrosweep-
Kartierung nordlich des EXCO I-Transects an, bei der die Spur von "overlapping spreading centers" 
(OSC), die sich in der existierenden Bathymetrie abzeichnen, verifiziert werden soli. 
Die zweite intensive Vermessung fand auf Kruste mit einem Alter von 4 Millionen Jahren statt. Hier 
stand die Frage im Vordergrund, welche Auswirkungen ein Vulkankegel auf die lokale 
Warmestromdichte hat. Den eigentlichen Messungen voraus ging eine Hydrosweep-Vermessung am 
Siidrand des EXCO I-Transects, da sich in den existierenden Daten ein Vulkan bereits andeutet. Dieser 
stellte sich jedoch als langgezogener Gebirgszug mit einer minimalen Wassertiefe von ca. 2500m heraus. 
Zwischen diesem Riicken und dem nordlich gelegenen Vulkan zeigt der Warmestrom ein ausgepragtes 
Minimum, um am FuBe des Vulkans auf hohe Werte von uber 400 mW/m2 anzusteigen. Diese Anomalie 
kann mit lokaler Advektion warmen Wassers in Verbindung gebracht werden. Temperaturmessungen in 
der Caldera weisen allerdings keine Anomalie auf. Im unmittelbaren Umfeld des am siidlichen Rand lie-
genden Ruckens waren keine Messungen mbglich, da die Sonde nicht eindringen konnte. Auch der 
Versuch, ein Schwerelot zu nehmen, war bei einem Kerngewinn von 1.5m nur teilweise von Erfolg 
gekront. 
Gegenwartig sind wir mit Hydrosweep und dem Magnetometer auf dem Weg zu 6.5 Millionen alter 
Kruste, um dort ein Gebiet mit extrem niedrigem Warmestom zu untersuchen. Die Stimmung ist gut und 
alle sind wohlauf. 
H.Villinger 10.1.2000 Fahrtleiter SO 145-1 
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Wir setzten unsere Arbeiten auf einem Krustenbereich von ca. 6.5 Millionen 
Jahren fort, da dort aufgrund einiger weniger Messungen von EXCO I bekannt 
ist, daB dort der Warmestrom mit die niedrigsten Werte auf dem gesamten 
Korridor annimmt. Ziel der Wafmestromdichtemessungen ist zum einen die Verbreiterung der 
Datenbasis und zum anderen die Untersuchung des EinfluBes einer in der Bathymetrie schwach 
ausgebildeten Erhebung, die moglicherweise mit dem niedrigen Warmestrom in Verbindung steht. Nach 
einer vorbereitenden seismischen Vermessung, die ein klares Bild der Topographie des Basementes 
ergibt, zeigt die Warmestromdichte nach der ersten Auswertung mit konsistent niedrigen Werten nur 
einen schwach ausgepragten EinfluB lokaler Topographie. Dies ist ein klarer Nachweis der noch sehr 
effizienten hydrothermalen Zirkulation in 6.5 Millionen Jahren alter Kruste. Zusatzlich wurde ein 
Schwerelot mit einem Kerngewinn von ca. 4.5m gezogen. 
Die anschlieBende mehrtagige Hydrosweep-Vermessung fuhrte uns zum siidostlichen Ende des EXCO I 
Korridors, wo wiederum die Spur von Overlapping Spreading Centers (OSC) verfolgt werden sollte. 
Leider beeintrachtigten Windstarken von 7 bis 8 und der damit verbundene Swell die Qualitat der 
Aufzeichnungen betrachtlich. Eine CTD, gefahren am sudlichsten Ende unseres Arbeitsgebietes, soil uns 
AufschluB iiber die komplette Struktur des Wasserkorpers auf dem Korridor geben. 
Auf dem Weg zuriick in den Nordwesten nutzten wir die Gelegenheit, ein weiters geothermisches Profil 
an dem bereits untersuchten submarinen Vulkan mit vermuteter hydrothermaler Aktivitat zu vermessen. 
Die zusatzlichen Messungen ergaben einen maximalen Wert von ca. 600 mW/m2, ein eindeutiges 
Anzeichen fiir den lokalen Austritt warmen Wassers. Damit haben wir auch ein potentielles Ziel fur das 
zweite Leg sehr gut lokalisiert. 
Nach dem erfolgreichen AbschluB dieser Arbeiten kartierten wir ein Gebiet zwischen der Garrett 
Fracture Zone und dem EXCO Korridor, da sich dort in fruheren Messungen dieser Reise eine 
groBraumige und ausgepragte Stoning der normalen Krustenstruktur abzeichnet, moglicherweise ein 
OSC . Die Arbeiten auf der ostlichen Flanke des Ruckens beendeten wir mit einem erfolgreichen 
Warmestromdichteprofil auf extrem junger Kruste mit einem Alter von nur 300 000 Jahren. Hier konnte 
trotz der eigentlich zu erwartenden geringmachtigen Sedimentbedeckung die Sonde problemlos bis zu 3 
m eindringen. Der gemessene niedrige Warmestrom verdeutlicht die extrem effiziente ,Kiihlung' eines 
mittelozeanischen Ruckens durch die Zirkulation von kaltem Seewasser durch die junge ozeanische 
Kruste. 
Zur Zeit nehmen wir Kurs auf die Westflanke des Ruckens, um dort in einem Sedimentbecken mit 
ausgepragter Morphologie die Hypothese eines isothermen Basements am Ostpazifischen Rucken zu 
uberpriifen. 
Alle eingesetzten Gerate arbeiten ohne Probleme, die Stimmung ist gut und alle sind wohlauf. 
H. Villinger 17.1.2000 Fahrtleiter SO 145-1 
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5.7 Navigation 
A crucial prerequisite for all kinds of marine surveys is the precise knowledge of the position of the ship. 
For about one decade the Global Positioning System (GPS) is commercially available and widely used 
for marine surveys. It operates 24 satellites in synchronous orbits, thus at least 3 satellites are available at 
any moment. The full precision of this originally military service yields positioning accuracies of a few 
metres, though it is restricted to military forces and usually inaccessible to commercial users. For civilian 
users the precision of GPS is in the order of 100 metres. 
The resolution of GPS, however, can be enhanced with the Differential GPS (DGPS) scheme. Since 
1996 DGPS is available aboard of RVSonne. Data from several reference stations are processed at a land 
based station and are broadcasted via INMARSAT satellites to the users. On board of Sonne these data 
are used to correct the GPS data in real time, yielding an accuracy of about 1 to 5 metres. Unfortunately, 
during the cruise the nearest reference station in Lima (Peru) was not available. Other stations, like the 
station in San Diego (California), had to be used instead. Nevertheless, the resulting accuracy of the ship 
position is still close to 5 metres. 
5.2 The Hydrosweep Multibeam Sonar System 
Aboard of RV Sonne a Hydrosweep DS multibeam sonar system from STN-Atlas Elektronik, Bremen, is 
installed [Grant and Schreiber, 1990]. Using a frequency of 15.5 kHz and 59 beams fired in a swath of 
90° it can survey a scan line on the seabed of about twice of the water depth. The range of the center 
beam extends down to 10,000 m with an error of ~ 1 % . The outer beams, though, reach only down to 
-7000 m with a precision of about 1% if roll is less than 10° and pitch less than 5°. Corrections for roll, 
pitch and heave are automatically applied. However, due to a fixed angle between individual beams the 
resolution depends on the water depth and varies, for example, from about 170 m to 200 m in a water 
depth of 5000 to 6000 m. To calculate water depth from echo time delays, the knowledge of the sound 
velocity within the water column is required. Hydrosweep provided three methods to deal with the sound 
velocity; (i) it can be calculated during data acquisition using a technique of optimal selfcalibration 
[Grant and Schreiber, 1990], (ii) applying a constant average velocity (e.g., 1500 mis), or (iii) using a 
velocity model (from CTD measurements) of up to 20 discrete values. Previous cruises, however, 
provided often problems with the selfcalibaration mode and a constant velocity did not include refraction 
of rays. We therefore chose the third approach. For consistency with the SO105-cruise we used the 
model given by Weigel et al. [1996a]; a comparison between CTD measurements of SO105 and S0145 
cruises provided reasonably the same velocity-depth models. 
Postprocessing of the Hydrosweep ZWdata was carried out onboard with the academic MB- (Multibeam) 
System Software [Caress and Chayes, 1996] developed at the Lamont-Doherty Earth Observatory, 
Palisades, New York. The processing sequences includes editing of every single swath and removing 
erroneous beams, displaying edited profile segments and calculating beam statistics. Thereafter, the data 
have been gridded along with swath bathymetry obtained during the SO 105 expedition. Gridding was 
carried out using continuous curvature splines in tension [Smith and Wessel, 1990]. The resulting digital 
terrain models (DTMs) have been display with the GMT software (Wessel and Smith, 1991). 
5.3 Discussion of First Results 
During the survey about 4400 line kilometres of Hydrosweep data have been acquired (Figure 5.1, 5.2 
and 5.3). Assuming an average water depth of -3300 m an area of approximately 29000 km2 was 
covered; thus, along with the data obtained during the SO 105 cruise swath mapping bathymetry images 
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from -55000 km of zero-age to about 9 m.y. old seafloor are available. The minimum water depth of 
about 800 m was detected over the Sojourn Ridge on the western ridge flank, conjugated to the EXCO I 
corridor. The maximum depth of more than 4130 m was found near the eastern terminus of the working 
area. The ridge axis itself runs in a water depth of about 2650 m. 
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Figure 5.1 Coverage of swath mapping bathymetry on the EPR near 14°S, cruises SO 105 and SO 145 
The main aim of the bathymetric survey was to reveal the paleo-segmentation of the ridge axis by 
detecting possible discordant zones of now fossil OSCs and to discover anomalous features which may 
affect the hydrogeology of the ridge flank circulation system. SOI 05 provided two possible locations for 
OSCs, though an area extending from -200 to 500 km off-axis may have been affected by several 
migrating OSCs. In addition, evidence for a non-uniform distribution of seamounts was found (see 
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chapter 3 and Grevemeyer et al. [1997]), which may act as high permeability pathways for circulating 
fluids. 
Four additional lines running parallel to the eastern portion of the existing corridor clearly revealed the 
southward migration of a right stepping OSC between 107°30' and 106°30'W. The area between 200 to 
500 km off-axis is difficult to interpret. Only a few additional lines have been made. Bad sea conditions 
and the break of the rudder and the resulting cancellation of 5 days of swath mapping surveying 
prohibited a more detailed examination of the area. However, we believe that the seafloor features to the 
west of about 108°30'W are due to a large OSC, which was only slowly migrating northward. Most 
likely the ridge was characterized at that time by a starved magmatic regime, creating a rough seafloor 
morphology (Figure 5.4). A similar setting was described by Cormier et al. [1996] for the EPR between 
16° 30' and 19°S, where a starved regime was proposed for times before -IMa. Today, the robust 
regime at 14°S [Scheirer and Macdonald, 1993; Kent et al., 1994] produces a pretty smooth seafloor, 
similar to those detected at the eastern end of the corridor east of 106°30'W (Figures 5.2, 5.3 and 5.4). 
An other possible OSC was surveyed to the north of the corridor near 111°W. Evidence for a northward 
migrating OSC was found by M.-H. Cormier of Lamont Doherty Earth Observatory based on data from 
the Sojourn cruise covering seafloor to the south of the corridor [Cormier et al., 1997]. Two decapitated 
ridge tips were found by careful inspection of the SO 105 data. The survey between 111°15' and 110°W 
provided a unexpected structure. A large curved basin-like feature witch is joint by adjacent large 
volcanic features. We believe that the scars may present the location where the rapidly northward 
moving OSC was consumed by the larger and much slower migrating OSC detected between 200 and 
400 km off-axis. 
During the time of the starved magmatic regime several large size seamounts have been created (Figure 
5.2, 5.3 and 5.5). The new survey lines indicate a much higher abundance of seamounts within this area 
than estimates based on the SO 105 data have yielded [Grevemeyer et al, 1997]. In contrast, the near axis 
area and the area eastward of 106°30' did not provide any large size seamount (Figure 3.1, 5.2 and 5.3). 
Therefore, it might be reasonable to hypothesize that during a robust magmatic supply small scale 
heterogeneities embedded in the upwelling system are consumed or trapped by the system itself while 
during starved times heterogeneities made their way through the upper mantle and lithosphere to form 
near axis seamounts. Some of these heterogeneities could be stable over tens of thousands of years to 
form short seamount chains, which have been detected on both ridge flanks (Figure 5.6). 
Using the DTMs (digital terrain models) we were able to calculate some seafloor statistics, like its slope. 
Typically, the abyssal plain has slopes of less than 0.1°. However, in the ridge crest environment and on 
the young ridge flanks the nearly unsedimented seabed is quite rough. At some seamount flanks slopes 
of up to 30° (or even steeper) have been detected. Abyssal hills have often slopes of 10 to 20°. Most of 
the seafloor is less steep, though compared to the abyssal plain still pretty rough. Slopes of more than 2° 
are common, which may explain why the Parasound system (see chapter 6) often provided only poor 
images of the sedimentation pattern. Figure 5.7 shows a histogram calculated from the DTM showing in 
Figures 5.2 and 5.3. 
In Figure 5.8 we compare the bathymetry of the western and eastern ridge flank. Most profoundly, the 
subsidence trend for the western flank is much lower. Considering asymmetric spreading with faster 
rates to the east [e.g., Cormier et al, 1996], the trend would be even worse. This feature was already 
described in previous studies [e.g., Cochran, 1986] and might be due to some unusual lithospheric and/or 
asthenospheric properties beneath the Pacific plate [Scheirer et al, 1996b; Grevemeyer et al., 1997] 
which could also explain the asymmetric distribution of seamounts, with about 2-4 times more 
seamounts to the west of the EPR. The much greater abundance of seamounts on the Pacific plate could 
even be found in the few swath mapping profile on the western flank and is obvious in the profile shown 
in Figure 5.8. 
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Figure 5.2 Gridded and illuminated Hydrosweep bathymetry, grid spacing 200 by 200 m 
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Figure 5.3 Gridded and illuminated Hydrosweep bathymetry, grid spacing 400 by 400 m 
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Figure 5.4 Smooth versus rough basement; robust versus starved magma supply? 
Figure 5.5 Seamounts within an area of rough basement 
26 
5 Bathymetric Surveys with Hydrosweep 
-13" 55 
-14" 10' ^ 
-116" 40' -116'30' -116" 20' -116" 10' -116" 00' 
-15" 00' 
-15° 05' 
-15" 10' 
-15" 15' • 
-108" 00' -107" 50' -107" 40' -107" 30' -107" 20' 
Figure 5.6 Small seamount chains, roughly running perpendicular to ridge strike 
50 
40 -
^ 30 
c 
a> 
8- 20 
9 
10 -
J i L 
0 5 10 15 20 
Slope [degree] 
Figure 5.7 Histogram of slopes (from gridded bathymetry) occuring on the eastern flank 
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Figure 5.8 Topographic profiles from the eastern (Nazca plate) and western (Pacific plate) ridge flank 
indicate asymmetric subsidence with higher rates toward the east. 
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6.1 Brief description of the Parametric Sediment Echosounder 
To image the shallow sediment structure down to -100 mbsf the parametric sediment echosounder 
Parasound from STN-Atlas Elekronik, Bremen, is available on RV Sonne. The echosounder works 
differently from traditional 3.5 kHz systems; it uses a sound beam resulting from the interference of two 
high frequency narrow waves of similar frequency (i.e., 18 and 20.5 to 23 kHz) which leads to a lower 
frequency (2.5 to 5.5 kHz) highly focused beam with an angle of about 4° [Grant and Schreiber, 1990]. 
The footprint area of the beam ensonifies an area approximately 7% of the water depth. However, due to 
the narrow beam, no echoes from a sea bottom or subseafloor structure will reach the receiver if the 
seafloor is steeper than 4°, though areas with slopes of more than 2° are already poorly imaged. Thus, the 
system is restricted to relatively flat areas. Compared to a 3.5 kHz system, the penetration of the 
parametric echo is about the same. Nevertheless, due to its narrow opening angle it produced a clearer 
and more differentiated image of the subseafloor structure. 
The analogue data are displayed online on a black and white DES025 printer. Since the S082-cruise the 
PARADIGMA (PARAsound DIGitalisierungs- und Mehrkanal Auswertesystem, [Spiefi, 1993]) program 
is available on Sonne and allows to store digital Parasound records in a special SEGY format. During 
the cruise all data have been written to the harddisk of the 586-computer on which PARADIGMA was 
running, and were later archived on DAT-tapes. The digital SEGY data can be processed and displayed 
later like seismic data. An example of a digital Parasound record from the northern moat of the Sojourn 
Ridge is shown in Figure 6.1. An initial assessment of the sedimentation pattern revealed by Parasound 
can be derived from the description and discussion of recording from heat flow station HF0003, given 
below. 
Processing of digital PARASOUND records is done with Seismic Unix. As an exmple a record of heat 
flow station HF0003 is displayed (Figure 6.2). Processing includes band pass filtering (2000 - 4500 Hz) 
and a redisplay of envelope amplitudes. The profile cuts across the sea mount at 4 Ma from north to 
south at 194°. Steep flanks yield only weak or no signals and cause breaks in the record. At the foot of 
the sea mount a humocky pattern of sediment can be obsereved. Variation in sea floor topography is 
about 20 m. This is already to sufficient to disturb the picture by diffraction patterns. Sub-bottom 
penetration is about 10 m. Presence of sediments of more than 7 m can be inferred from the records, 
allowing save operation of heat probe. 
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Figure 6.1 Digital Parasound record from the northern moat of the Sojourn Ridge 
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Figure 6.2: Example of digitaly processed PARASOUND record. Profile covers heat flow station 
HF0003 from north (left) to south (right). Vertical penetration indicates a sediment cover of al least 7 m. 
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7.1 Instrumentation 
7.1.1 Seismic Sources 
The seismic signal was generated by a GI Gun. The total volume of the GI Gun is 210 in3 (2,65 1). GI 
Guns are pneumatic seismic sources which are constituted of 2 independent air guns within the same 
body casing. The first gun generates the primary pulse (Generator). The second air gun (Injector) is used 
to control the oscillation of the bubble produced by the Generator. Each gun has its own reservoir, its 
own shuttle, its own set of exhaust ports, and its own solenoid valve. Volumes of both Generator and 
Injector are adjusted by inserting plastic volume reducers inside respective chambers. For both chambers 
standard resulting volumes are 45, 75, and 105 in3. 
During this cruise we used the "True GI Mode". For a Generator of 45 in3 the Injector was 105 in3. In 
this case the total air consumption is 150 in3. Injector ports are chosen of small aperture, and injection is 
also delayed close to half the period of the Generator. In the GI Mode the injection is optimally tuned to 
totally supress the oscillation of the bubble (Figure 7.1). 
Figure 7.1 Near field signal of GI GUN in "True GI Mode". The oscillation of the bubble is optimally 
suppressed. 
The pressured of 140 bar using a shot intervall of 10 seconds. Pressure pipes and trigger lines were 
prepared to tow air was provided by SONNE'S Junkers or VLF compressors. The gun was filled by 
pressured air the GI Gun about 10 m behind the stern of the vessel in about 5 m depth on port side. The 
shots were triggered in time intervals of 10 seconds. Thus, the ship's speed of 5 knots over ground yields 
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a shot distance of 26 m. The trigger signal was supplied from the ships Ashtech GG24 GPS/Glomass 
receiver, and was available in the Geology Lab. The receiver can provide a one millisecond long 5V-
TTL pulse at intervals between 0,2 and 999 s. 
During cruise Sol45 Exco II/l the gun was used along four seismic profiles. The total operation time 
was close to 96 hours with about 35000 shots beeing fired. Along all profiles, the airgun worked without 
any problems. 
7.1.2 Data Acquisition 
The reflection seismic data were obtained using a 100 m active length Streamer. It is a 16 channel unit 
built by Teledyne Exploration Co. in 1993. The system comprises four parts, a 101 m active length, a 25 
m stretched section, a 120 m tow leader, and a 75 m deck leader (Figure 7.2). The active length is 
separated into 16 groups of 8 hydrophones. Within one group the hydrophones are 0.78 m apart building 
a 6.25 m long unit. The whole unit is stored and operated from a winch at the port side of RV SONNE. 
For recording the data the Seismic Acquisition Unit (SAU) from the University of Bremen was used. 
Data were recorded with a record length of 4 s and a sample interval of 0,4 ms with a water delay of 1,5 
to 2 s. The hydrophone signal was passed through a pre-amplifier and analogue filters. Gains were set so 
that the seabottom reflection was just not clipped. The data were filtered by the anti-alias filter of the 
acquisition system which in this case is active above 500 Hz. After anti-alias filtering the data were 
resampled to 1 ms. 
Deck Leader 75m Tow Leader Stretch Section Active Section 
IjV/pbar at 10 Hz 
Figure 7.2 Schematic sketch of the seismic acquisition configuration 
32 
7 Seismic Reflection Surveys 
The data from the first shooting test suffered from strong low-frequency noise, presumably caused by the 
shallow towing and insufficient balance of the streamer. During the cruise different weights were 
attached to the stretch section and the active length trying to deepen the active length and minimize the 
influence of the wave state to the vertical swelling of the streamer. Additionally the tailrope was 
extended to 20 m length. Quality control of each channel showed a good signal to noise ratio in the first 
10 channels and persisting noise in the last channels of the streamer. During line 1 to 4 the last 6 to 8 
channels were disconnected. In the acquisition system the channels are stacked together to one channel. 
The data are stored on a 2,4 GB harddisc. 
7.1.3 Data Processing 
Raw seismic field records are usually heavily disturbed by noise from different sources. There are 
several pre-processing steps applied to seismic reflection data. The processes were designed mainly to 
exclude frequencies without useful information content and to improve the temporal resolution of the 
seismic data. 
Figure 7.3 displays the raw data of profile SCSOlb as data example. Profile section shows CSP 2250-
2500. For the analysis profil ranges between shot trace 2600 and 2650 will be studied in detail. Seismic 
processing was carried out with the Seismic Unix software package. 
Frequency Filter 
To determine the frequencies of the seismic energy filter panels for the profile range 2600 -2650 are 
shown in Figures 7.4 and 7.5. The amplitude spectra of the frequency filter operators are characterized 
by linear slopes. The filter is described by four corner frequencies. Lower stop/pass band boundary and 
upper pass/stop band boundary. The frequencies on the filter panels correspond to the lower and upper 
pass frequencies. The result of the filter tests is given as a compromise between passing the best part of 
the signal and cutting the worst part of the noise. 
Deconvolution 
To improve the temporal resolution of the seismic data a deconvolution is applied to compress the basic 
seismic wavelet. The recorded wavelet has many components, including the source signal, recording 
filter, and hydrophone response. Ideally, deconvolution should compress the wavelet components and 
leaving only the earth's reflectivity in the seismic trace. The deconvolution algorithm which was applied 
is the Wiener deconvolution in successive trace segments which is based on the following assumptions: 
1. The earth's reflectivity is white. 
2. The wavelet shows the minimum-delay phase behaviour. 
The deconvolution test panels are shown in Figures 7.6 and 7.7 for the profile range of shot trace 2600-
2650. A constant operator length of 240 ms and a variation of the predictive length from 0 to 128 ms is 
displayed. Another test displays the variation of the operator length from 20 to 360 ms with constant 
predictive length of 12 ms. On the undeconvolved data in Figure 7.3 the wavelet has two maxima and is 
about 30 ms long. The best resolution is obtained for a predictive length of 0-12 ms. A predictive length 
of 12 ms was chosen for this data set which is a compromise between temporal resolution and signal to 
noise ratio. 
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Figure 7.3 Un-processed seismic section from range 2250-2500 of Line SCSOlb. 
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Figure 7.4 Filter panels in the shot point range 2600-2650. Comparison of unfiltered and filtered data is 
shown. Bandpass varies from 3-10 Hz to 40-50 Hz. 
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Figure 7.5 Filter panels in the shot point range 2600-2650. Comparison of unfiltered and filtered data is 
shown. Bandpass varies from 50-70 Hz to 160-200 Hz. 
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Figure 7.6 Deconvolution panel in the shot point range 2600-2650. Comparison of undeconvolved data 
and deconvolved data is shown. Operator length is 240 ms. Prediction length varies from 0 to 128 ms. 
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Figure 7.7 Deconvolution panel in the shot point range 2600-2650. Comparison of undeconvolved data 
and deconvolved data is shown. Prediction length is 12 ms. Operator length varies from 20 to 360 ms. 
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Migration 
Seismic waves propagating in the Earth will be refracted, reflected and diffracted. In order to be able, to 
image the heterogeneous subsurface and to solve the inverse scattering problem, we must be able to undo 
these wave scattering effects. 
The aim of migration is to transform a suite of seismograms recorded at the surface into a spatial image 
of some property (wave-speed or impedance) of the Earth. The short wavelength features give rise to the 
reflections and diffractions on seismic sections. This are the types of spatial variation of the properties 
which are associated with changes in lithology and to fracturing. 
For migrating the total data onboard w-k-migration is used. Stolt [1978] and Stolt and Benson [1986] 
enhanced the w-k-migration and diminished computingtime. This migration not only uses traveltime, but 
the total wavefield for reconstruction of the reflectors. For the preliminary time migration a constant 
velocityfield of 1500 km/s is used. After deconvolution and migration a Butterworth filter was applied 
for the final data representation (Figure 7.8). This filter is showing only a small amount of ringing 
compared to other filter techniques. The Butterworth filter is characterized by a lower and upper corner 
frequencies of 20 and 80 Hz. At these frequencies the amplitudes are reduced by a factor of 0.05. 
Processing sequence for the reflection seismic data: 
• Raw data: Sampling rate lms 
• Wiener deconvolution: Operator length 240 ms, prediction interval 12 ms 
• Frequency filter: 5/10-100/120 Hz 
• Resampling from 1 ms to 4 ms 
• Time migration: w-k-migration, velocityfie!d= 1500 km/s 
• Butterworth frequency filter: 10/20-80/100 Hz 
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Figure 7.8 Processed seismic section from range 2250-2500 of Line SCSOlb. Filter, deconvolution and 
time migration is applied. 
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7.2 First Results 
About 850 km of seismic reflection data have been obtained. The longest profile, line SCS01 runs -450 
km on the western flank, across the spreading axis, 130 km on the eastern flank and terminates on ~1.5 
m.y. old crust. On the eastern flank we acquired additional lines as presite survey data for geothermal 
stations. Eastward of the spreading centre sediments are draping the basement rather than ponding. On 
1.5 m.y. old crust we detected between 10 to 20 m, on 4 m.y. old crust about 15 to 30 m, and on 6.5 Ma 
crust 20 to 30 m of sediments; thus sediment thickness increases only slowly with distance from the 
spreading axis, and hence crustal age. On the western flank the structure is quite different. Draping 
occurs close to the ridge; with increasing offset, however, sediment ponding is evident. Sediment 
thickness increases more or less continuously towards the west. At the western most end of line SCS01 
we sampled up to 170 m of sediment. Small basins between adjacent abyssal hills are filled with layered 
deposits. Sometimes strata seems to indicate onlap on abyssal hills. However, even after migrating the 
data images from abyssal hill tops are often unclear. Thicker sediment sections in the basins and the 
rather flat seafloor indicates a redistribution of sediment. 
The asymmetric distribution of sediments demonstrated by the data is puzzling, because there are no 
known driving forces for sediment accumulation on the western ridge. It is known, however, that the 
hydrothermal plume is shifted towards the west [Lupton,1995], which may indicate some kind of deep 
water current. Assuming that the main source of sediment is pelagic fallout such a current should not 
produce an asymmetric distribution of sediment. The ridge itself will produce some fallout of 
hydrothermal minerals. Nevertheless, the amount of hydrothermal sediment is far to less to account for 
the observed sediments. The most reasonable explanation might be that the spreading ridge and the much 
larger abundance of seamounts on the western flank (see chapter 5) produce a kind of shadow zone were 
sediment could settle down. 
In Figure 7.21 we compare Parasound data with seismic records; the sediment echosounder could only 
image the uppermost 10-20 m of sediments, while the seismic reflection data clearly images up to 75 m 
covering volcanic bedrock. Thus, Parasound might be useful to characterize the seafloor in terms of its 
echo type (drape, diffractions, layered, etc.), but it would not provide much information about sediment 
thickness. However, a more detailed analysis of both Parasound and seismic recording is required to 
assess the sedimentation pattern and its local and regional variability. 
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7.2.1 Line SCSOl and SCS02 
Figure 7.9 Location of Line SCSOla-SCSOld 
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Figure 7.10 Line SCSOla and SCSOlb, shotpoint range 1 -3600 , vertical exaggeration is 5. 
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Figure 7.11 Line SCSOlb, shotpoint range 3600-9200, vertical exaggeration is 5. 
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Figure 7.12 Line SCSOlb, shotpoint range 9200-14600, vertical exaggeration is 5. 
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Figure 7.13 Line SCSOlb, shotpoint range 14600-19477, and SCSOlc. Vertical exaggeration is 5. East 
Pacific Rise at CSP 17350. 
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Figure 7.14 Line SCSOld, vertical exaggeration is 5. 
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Figure 7.16 Line SCS02a-f, vertical exaggeration is 5. 
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7.2.2 Line SCS03 and SCS04 
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Figure 7.17 Location of line SCS03a-SCS03d 
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Figure 7.18 Line SCS03a-d, vertical exaggeration is 5. 
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Figure 7.19 Location of line SCS04a-SCS04d 
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Figure 7.20 Line SCS04a-d, vertical exaggeration is 5. 
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Figure 7.21 Comparison of PARASOUND and seismic data. Section displays shotpoint range 9580-
9930 of line SCSO lb. 
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8 CTD 
8.1 Instrumentation 
During cruise SO 145 two CTD casts were taken from surface to bottom at the western and easternmost 
end of working area at positions: 
Name 
CTDOl 
CTD02 
Latitude 
14° 33.20'S 
15° 57.36'S 
Longitude 
111° 21.49'W 
106° 20.00'W 
Depth [m] 
3216 
3907 
EPR western area 
EPR eastern area 
The CTD used is the ship based CTD of type Sea-Bird 911 plus (Ser. No.09P14352-0467). Three 
objectives are tackled using the CTD: 
i) to gain a velocity profile for the Multibeam Echosounder, 
ii) as a calibration reference for the Lister type heat probe and 
iii) as a calibration reference for the autonomous temperature loggers. 
Technical data of CTD used: 
Range 
Resolution 
Initial Accuracy 
Settling time 
Pressure resolution 
Conductivity sensor range 
Conductivity sensor resolution 
-5 to +35°C 
0.0003°C @ 24 samples per second 
0.001°C 
< 0.5 sec. to within 0.001 °C 
0.01 ppm 
0.0 to 7 S/m 
0.00004 S/m @ 24 samples per second 
The temperature sensor is a pressure-protected high speed thermistor. Potential temperature values are 
delivered by Sea Bird supplied software. The conductivity sensor is configured with its cell resistance as 
the variable element of a Wien-bridge. A pump provides a uniform and constant flow of seawater past 
the temperature and conductivity sensors. 
Calibration with the Lister type heat probe is done by comparing temperatures in selected water depths. 
On station CTDOl stops of approximately 5 min. duration were made during payout of wire at water 
depth of: 
360.5 m 
864 m 
1506 m 
2228 m 
9.720°C pot. Temp. 
5.030°C pot. Temp 
2.976°C pot. Temp. 
•990°C pot. Temp. 
Ten miniaturized autonomous temperature loggers were calibrated by mounting them onto the CTD 
guard cage during CTD cast (for details see chapter 12.3) 
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8.2 First Results 
CTD01 is located on the western flank some 130 km east of EPR near heat flow sites HF0003, HF0004, 
HF0005, HF0006 and HF0008. During this cast ten autonomous temperature data loggers (ATLs) and 
one acceleration monitoring logger are mounted onto CTD's guard cage for calibration purposes. The 
second CTD cast is situated at the easternmost end of working area. Both data sets will be used as 
calibration for heat probe thermistor strings. At both stations in-situ temperatures show a temperature 
increase below 2500 m, which vanishes after processing temperatures to pressure corrected potential 
temperatures. 
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8.2.1 CTDOl 
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Figure 8.1 Profile of potential temperature at location CTDOl. Below upper boundary layer, temperature 
is steadily decreasing down to 3200 m. Left panel shows overall picture, middle and right panels show 
blow ups of lower portion of profile. 
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Figure 8.2 Salinity profile at location CTDOl. Below surface layer salinity has its minimum around 800 
m and reaches a bottom water limit of 34.65. 
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Figure 8.3 : Profile of potential temperature at location CTD02. Below upper boundary layer, 
temperature is steadily decreasing down to 3880 m. Left panel shows overall picture, middle and right 
panels show blow ups of lower portion of profile. A significant jump of temperature can be observed 
below 3750 m. 
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Figure 8.4 Salinity profile at location CTD02. Below surface layer salinity has its minimum around 750 
m and reaches a limit of 34.65 below 2500 m. 
8.2.3 Comparison of CTD-Casts 
Both CTD locations are about 550 km apart in west-east direction. They display the same continous 
decrease of potential temperatures. They differ by approximately 13 mK at a depth of 3100 m. The CTD 
located nearer to the ridge axis shows the positive deviation. An additional temperature decrease, 
observed in lowermost 150 m of CTD02 can not be found nearer to the ridge. 
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9.1 Instrumentation 
During Exco II, magnetic measurements were carried out with a slightly modified Geometries G-803 
proton magnetometer. It provides an absolute measurement of the earth's field. This method utilizes the 
precession of spinning protons in a hydrocarbon fluid. The sensor is a coil surrounded by a proton rich 
fluid (kerosene). A strong polarization field is produced in the sensor coil by applying a momentary 
current. This polarizes (aligns) the protons in a direction other than the earth's magnetic field and 
provides a nuclear moment many times that of the earth's field. When the current is removed, the protons 
will then precess about the earth's magnetic field and induce a voltage in the sensor coil. 
The cable length to the marine sensor is 250 meter. Our tests have shown that this distance is long 
enough to minimize the disturbing magnetic effects of the ship. According to a graph of geometries the 
depth of the sensor at a tow speed of 10 knots can be estimated at 30 meters. The magnetic survey in 
combination with hydrosweep was carried out usually at 10 knots, but together with seismic 
measurements at approximately 5 knots. Therefore, for example, at a speed of 10 knots, we measured 
every 25.7 meters. 
The polarization interval has been set to 4 seconds and the reading interval to 736 miliseconds. With this 
setting we can achieve a resolution of 0.125 nT. The data is recorded directly on a PC. 
9.2 Data Processing 
In the first step of processing, the magnetic data was combined with the ship's navigation data. Latter 
contains date, time, latitude, longitude, speed of vessel in knots, heading, windspeed and depth. 
The International Geomagnetic Reference Field (1GRF; epoch 2000.0) was calulated for every measured 
point with the help of the Geomagnetic Field Synthesis computer program (© Geomagnetic Data 
Group, World Data Center-A). This program computes the values of the Earth's magnetic field 
parameters for a given location and date. The IGRF decreases in our survey area from west to east with a 
maximum difference of almost lOOOnT. 
In the next step, the theoretical daily variation of the magnetic field, as it can be observed on 
magnetically quiet days and is due to the tidal effect of the sun on the atmosphere, was estimated using 
the SQ1 MODEL program by W.H. Campbell (© Geomagnetic Data Group, World Data Center-A). 
Generally, it is very important that this is done on marine magnetic surveys since there is a significant 
variation of up to 60nT (near the equator) per day (see Fig. 9.2.). 
For the elimination of the magnetic disturbances near the geomagnetic equator caused by the solar wind, 
the Dst (disturbance storm time) values will be subtracted from the data as soon as they are published in 
the internet (World Data Center-C2). 
9.3 First Results 
Figure 9.1 shows wiggle plots of the corrected data of the east and west side of the midoceanic ridge. In 
the final processing, the data will be displayed in comparison with the EXCO I data. Then a correlation 
of the anomlies with the chronology of the magnetic field reversals will be done to recieve an overview 
of the spreading rate east and west of the ridge. 
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Figure 9.1 Magnetic anomalies east and west of the EPR 
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Figure 9.2 Example of the diurnal variation for 24 hours. 
Due to its high rise above the ocean surface (700m below sea level), the Sojourn Ridge (-115.66°W, -
13.55°S) is one of the most prominent structures in the survey area. The corresponding magnetic field 
can be seen in Fig 9.3 The curve shows a very distinctive negative anomaly of up to 300nT. 
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Figure 9.3 Magnetic Anomaly (measured total field minus IGRF) over the Sojourn Ridge. 
Figure 9.4 shows an example of the behaviour of cross track errors before and after taking the diurnal 
variation of the magnetic field in account. For most of the cases one can observe a reduction in the error. 
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cross points. 
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Ages after interpretation of data set from EXCO I by D.Wilson (1997) 
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Figure 9.5 Spreading rates derived from SO 105 magnetic data. 
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10.1 Instrumentation 
10.1.1 Heat Probe and Shipboard Operation 
On cruise SO 145 two methods are used to measure vertical temperature profiles in the sediments. The 
reliable heat flow probe of the University of Bremen, is used to obtain temperature gradients of up to 
three meters length. This instrument of Lister type violin bow design is capable to perform in situ 
thermal conductivity measurements by a pulsed heat source method. Active length of sensor string is 3 m 
with 11 thermistors, spaced every 0.3 m. Two 8-channel 16 bit A/D converters are responsible for digital 
data recoding into solid state memory. The instrument is used in conjunction with an online data 
transmission and a short baseline navigationsystem (SSBL). 
The second method for measuring temperature gradients uses autonomous temperature loggers (ATL), 
miniaturized and mountable onto the barrel of a gravity or piston corer. These instruments are a new 
development of H. Villinger and Antares GmbH Stuhr, Germany. After excessive laboratory tests 
deployments during this cruise are considered a first field test. All three gravity corers are equipped with 
ATLs. For details and results see chapter 12.3. In addition ATLs were mounted on the strength member 
of the heat probe during stations Hf0009 and HF 0011. 
During SO 145 the following instrument was operated: 
Parameters of Lister-type heat probe: 
Probe #: #6845 
Pressure sensor: #60789 
Strings: 10/97, 3/96,2/99, 6/7/99, 3/99, 11 /99 
Heating current: 8 Amp 
Heat pulse: 600 J/m 
Puis duration: 20 sec 
Sample rate: 10 sec 
Online data transmission: 2400 Baud net via coax wire 
Wire: 7760 m 18 mm deep sea cable (Wl) with LWL and coax 
The Lister type heat probe (Figure 10.1) has the capability of autonomous operation for at least 48 hours 
based on memory and power capacity. Battery capacity allows a minimum of 20 heat pulses. Internal 
data storage and realtime data transmission via coax wire provide sufficient data security during long 
deployments. 
Measurements during a station are done in so called pogo-style, performing several penetrations in a row 
at small distances. The probe is left at great water depth some hundred meters above seafloor. Transit 
between penetration points lasts about 30 - 45 minutes, a recording cycle in sea floor is either 7 or 14 
minutes so the overall operation speed is about one hour per penetration point. Transit speed is limited 
by the water resistance of payed-out wire. 
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Figure 10.1 The Lister type heat probe 
Winch speed during payout and retrieval of wire is 1 m/s, so initial penetration velocity is 1 m/s as well. 
Deployment of the instrument is amidship on starbord side, employing beam crane and one assistance 
crane. This procedure ensures safe operation even during medium sea state and minimum interference 
with ships vertical movement during station work. Three deckhands are needed during deployment 
because the assistance crane can not be run simultanously with the beam crane. A bottom finding pinger 
is mounted 30 m above the instrument and can be monitored via a Atlas DESO pinger recorder, switched 
to passiv mode. This setup is useful as a backup in case of other failures. 
Relative positioning of the probe to the vessel is controlled by SSBL. Short base line positioning requires 
a transponder which is mounted 50 m above the heat probe onto the cable. SSBL information is available 
during the complete cruise but water depth of 3000 m and deeper are at the very limit of operation range 
of the employed system. In that case SSBL positions have to be considered with care. The position of 
subsurface unit is recorded and stored already in geophysical coordinates with the ship's navigation 
system. An example of ships track and weighted sub unit positions is given in Figure 10.2. 
To achieve high spacial resolution, penetrations were usually positioned 500 and 1000 m apart, 
depending on seafloor topography. 
67 
10 Heat Flow Surveys 
C\J 
03 
C\l 
O) 
CO 
(NJ 
CO 
CO 
CO 
c\i 
IT) 
CO 
Figure 10.2 The position of subsurface unit during Heat flow station Hf09. The transponder is mounted 
50 m above the instrument. The solid circles represent the position of the heatflow penetration. 
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10.2 Data Processing 
The raw data of a station, received in realtime on board and simultaneously recorded inside the probe's 
data logging system are converted to engineering units using a set of calibration tables. In a second step, 
individual data sets of each penetration are extracted from the complete station record and saved as 
separate penetration files. An example is shown in Figure 10.3 showing clearly the frictional temperature 
rise as the probe penetrates the sediment, the heat pulse and the heat pulse decay for in situ thermal 
conductivity determination. 
Cruise SO-145 Station 1 Pen 1 
100 200 300 400 500 600 700 
Time (sec) 
800 900 
Figure 10.3 Example of a penetration record. 
The processing sequence consists of three steps: (1) determine undisturbed sediment temperatures from 
frictional decay, (2) correct heat pulse decay for effects from frictional decay and (3) calculate thermal 
conductivity from heat pulse decay. The basic design of the processing of heat flow data is based on the 
work of Lister [1979] and Hyndman et al [1979]. Their scheme has been implemented in a PC-based 
program HFRED [Villinger & Davis, 1987] in a very ad-hoc and pragmatic way. HFRED minimizes in a 
least-square sense the misfit between a theoretical temperature decay and the measured data by varying 
their effective origin time. As this scheme has some major deficiencies, Harlmann & Villinger (2000) 
propose to invert the decays - both frictional and heat pulse - by expansion of the temperature decay 
integral. Details of the algorithm can be found in Hartmann & Villinger (2000). The inversion was 
implemented using Matlab®, a widely used and platform independent software to analyze and visualize 
numerical data. This software package was used to reduce all heat flow data acquired during SO-145. 
After in situ temperatures and thermal conductivities are determined, heat flow is calculated on the basis 
of the so called Bullard plot where thermal resistance is plotted versus temperature: 
T(z) = T0+q[ dz' 
k(z') 
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or in a discrete way 
T(Zl) = T0+qdzT 
k{z,) 
with T(Zj) as measured temperature profile, T0 as bottom water temperature, Sz as separation of the 
sensors, k(zj as measured thermal conductivity and q as heat flow. 
Figure 10.3 shows the raw data, which are the basis for calculation of temperatures and thermal 
conductivity depth profiles as displayed in Figure 10.4a. The Bullard plot - thermal resistance versus 
measured temperatures - in Figure 10.4b (left) demonstrates the overall linearity of heat flow with depth 
as expected. If one calculates incremental heat flow by starting with data from the lower three sensors in 
the Bullard plot and increments for each new heat flow calculation by one additional sensor, error 
estimates for the final heat flow value become possible. However, no rigorous error calculation based on 
errors of in situ temperatures and thermal conductivities will be presented within the cruise report. 
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Figure 10.4a Example for temperature and thermal conductivity profiles, obtained from measurements 
shown in Figure 10.3. 
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Figure 10.4b Example for Bullard plot (left) and incremental heat flow (right), obtained from 
measurements shown in Figure 10.4a. The circles in the right plot around incremental heat flow values 
are qualitative indicators of the goodness of fit in the Bullard plot (a small radius represents a better fit). 
10.3 First Results 
During the cruise 113 heat flow measurements were made during 10 heatflow stations, resulting in a 
total of 87 successful heatflow values. Table 10.1 at the end of the chapter is a short summary list of 
complete station lists in the appendix. Stations are positioned in five different areas with respect to 
crustal age. Two different targets are aimed on a) expanding the dataset to the west of 112°W, that is to 
crust younger than 0.5 Ma and onto the western flank of East Pacific Rise (EPR), b) getting refined 
pictures of possible hydrothermal convection near a seamount and a hill-trough structure. Heat flow 
sites, probed during EXCO I campaign (SO 105) with remarkable either high or low heat flow values are 
revisited at positions on approximatly 1.5,4.0 and 6.5 Ma old crust. 
Single channel seismic profiles and PARASOUND sediment echosounder profiles are acquired prior to 
heat flow surveys. In most cases, a thin sedimentary cover is detectable in processed data. In areas near 
to the ridge, sediment ponds or troughs are chosen as sites. 
10.3.1 HF0001 and HF0002 
Stations HF0001 and HF0002 are located at site HF9512 of cruise EXCO I (SO 105) and are meant to 
improve spacial resolution across a ridge-trough-ridge structure at 1.5 Ma old crust (Figure 10.5). 
Because of high variability of heat flow values at a 1 km grid, a new grid of 0.5 km spacing is layed 
across the same structure. HF0001 samples along spreading direction of app. 104° and HF0002 is located 
on the western ridge of the structure within strike direction. Variability found during this survey does by 
far not resemble the range of data variation found before. Nevertheless, a correlation between 
topography and heat flow values can be anticipated, indicating higher heat flow on topographic highs. 
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10.3.2 HF0003, HF0004, HF0006 and HF0008 
Stations HF0003, HF0004, HF0006 and HF0008 combine a narrow survey grid in the vicinitiy a 
seamount at 4.0 Ma (Figure 10.6). Stations HF0003 and HF0004 stretch from SW to NE at 14° from a 
ridge-like structure in the south to a pronounced circular seamount in the north across a relatively flat 
sedimentary basement. Disturbances of the heat flow pattern by elevated crustal structures have been 
expected. The result of the transect reveals low heat flow values across the basin and a dramatic increase 
at the foot of the circular seamount. Further upslope, heat flow values are decreasing again. Penetrations 
of the probe succeed up to slope tilts of approximately 20° and fail near the peak of the seamount. The 
peak itself and the steep flanks just around it could not be probed even after several attempts, probably 
due to lack of sediments. The same is true for the southern elongated ridge structure were measurement 
attepts had to be cancelled after successive failure to penetrate. 
After identifying a site of anomalously high heat flow at the foot of the sea mount, stations HF0006 and 
HF0008 are designed as a search pattern to verify the extent of area. Station HF0006 anticipates a radial 
distribution of heat flow in the vicinity of the sea mount. It had to be cancelled on the slope after five 
penetrations without hitting high heat flow values. Station HF0008 is a search pattern across stations 
HF0003 and HF0006 and shows the maximum heat flow found on this cruise. The value of 600 mW/m2 
is more than double of what can be expected from conductive plate cooling models at this age. 
A preliminary interpretation of the tested pattern indicates that high heat flow values occur only in very 
limited areas whereas the majority of penetrations reveal low heat flow values. This effect is probably 
associated with active hydrothermal circulation and may be discharge at the seafloor. 
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Figure 10.5 Location and heat flow (mW/m2) of HFOOOl and HF0002 
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Figure 10.6 Location and heat flow (mW/m2) of HF0003, HF0004, HF0006 and HF0008 
10.3.3 HF0005 
This station stretches in W-E direction across a bathymtric scarp (Figure 10.7). High heat flow values 
have been found on cruise SO 105 four years ago. HF0005 extends the existing station (HF9516) to the 
west and east at a reduced spacing. Exceptional low values were found where the probe could penetrate 
the sea floor. None of the high values could be reproduced within a 500 m spaced search transect. 
10.3.4 HF0007 
Station HF0007 is located on approximately 6.5 Ma old crust (Figure 10.8) in a region with only smooth 
topography. Station HF9509 of R/V Sonne cruise 105 is incorporated into this transect. Penetration 
spacing is now 500 m in W-E direction. Low heat flow values are common during both campaigns. A 
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trend can be observed, indicating an increase of heat flow from west to east with a minimum in between. 
Water depth is increasing in the same manner. Compared to high heat flow values, low values can easily 
be reproduced. 
10.3.5 HF0009 
An attempt is made on rather young oceanic crust of less than 0.3 Ma with station HF0009 (Figure 10.9) 
and nine successful penetrations. Sediment cover is considered to be less than 10 m. Obviously, 
thickness of sediment cover is not a simple function of crustal age. Heat flow values found are 
surprisingly low, in some cases even very low. Only very few heat flow measurements are reported from 
very young crust. The result of this station does not fit into any cooling model, neither to a conductive 
[i.e. Parsons and Sclater, 1977] nor to a convective-conductive, i. e. after Stein and Stein [Stein, 1994]. 
Both models give much higher values for crust younger than one million years. 
HF0010 had to be dismissed completely due to the cut of scientific program on the reason of technical 
problems. 
10.3.6 HF0011 
As a comparison between western and eastern flank of EPR, station HF0011 is positioned on the western 
side (Figure 10.10) on crust easily of about 2 Ma. It is intended to cross a sedimentary basin with varying 
thickness. Volcanic basement is identifyabie from seismic records. It is smooth across the basin with a 
step down halfway from west to east. This station is a victim of program reduction and had to be 
canceled after four penetrations. 
Variation of heat flow found on this shallow and flat basement is much bigger than can be attributed to 
varying sediment cover thickness. Values differ by a factor of three. The mean represents a heat flow 
which is less than half of what can be expected from a plate cooling model. 
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Figure 10.7 Location and heat flow (mW/m2) of HF0005 
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Figure 10.8 Location and heat flow (mW/m2) of HF0007 
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Figure 10.9 Location and heat flow (raW/ra2) of HF0009 
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Figure 10.10 Location and heat flow (mW/m2) of HFOOOl 1 
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10.3.7 Summary Table 
Pen 
HF01P01 
HF01P02 
HF01P03 
HF01P04 
HF01P05 
HF01P06 
HF01P07 
HF01P08 
HF01P09 
HF01P10 
HF01P11 
HF01P12 
HF02P01 
HF02P02 
HF02P03 
HF02P04 
HF02P05 
HF02P06 
HF02P07 
HF02P08 
HF02P09 
HF02P10 
HF02P11 
HF02PI2 
HF02P13 
HF03P01 
HF03P02 
HF03P03 
HF03P04 
HF03P05 
HF03P06 
HF03P07 
HF03P08 
HF03P09 
HF03P10 
HF03P11 
HF03P12 
HF03P13 
HF03P14 
HF03P15 
HF03P16 
HF04P01 
HF04P02 
HF04P03 
HF04P04 
HF04P05 
HF04P06 
HF05P01 
HF05P02 
HF05P03 
HF05P04 
HF05P05 
HF05P06 
HF05P07 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
32.9227 
32.8994 
33.0387 
33.0991 
33.2808 
33.2184 
33.4074 
33.4404 
33.4423 
33.4729 
33.5678 
33.6311 
33.4705 
33.0674 
32.4404 
32.3556 
31.9585 
31.7081 
31.4658 
31.1618 
30.9154 
30.6419 
30.3897 
30.0647 
29.8162 
58.3104 
57.9720 
57.5039 
57.1035 
56.6182 
56.2466 
55.8273 
55.4402 
55.2055 
54.9938 
54.8091 
54.4245 
54.4245 
54.0007 
53.8502 
53.9461 
58.7472 
59.1805 
59.4704 
59.5119 
59.6778 
59.9078 
55.3959 
55.5388 
55.6945 
55.7989 
55.9790 
56.1379 
56.2878 
Longitude 
Degree 
- i l l 
- i l l 
-111 
-111 
-111 
- i l l 
-111 
-111 
-111 
-111 
-111 
- i l l 
- i l l 
- i l l 
- i l l 
-111 
-111 
-111 
-111 
- i l l 
-111 
-111 
-111 
-111 
- i l l 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
Minutes 
22.8907 
22.5624 
22.2830 
22.0313 
21.7489 
21.5841 
21.5954 
21.1524 
20.7636 
20.4998 
20.1920 
19.8452 
23.8730 
23.7356 
23.6757 
23.5373 
23.4694 
23.4034 
23.3504 
23.5985 
23.2064 
23.1412 
23.0796 
22.9798 
22.8729 
12.9160 
12.6920 
12.2759 
11.9651 
11.5005 
11.1693 
10.8390 
10.5072 
10.3101 
10.1517 
9.9799 
9.5837 
9.5837 
9.2456 
9.1597 
9.2207 
13.3191 
13.5192 
13.9608 
13.8424 
13.8225 
14.3672 
23.3441 
22.8946 
22.2576 
21.8404 
21.2921 
20.7438 
20.2213 
Waterdepth [m] 
3198 
3245 
3257 
3253 
3253 
3236 
3244 
3289 
3282 
3280 
3269 
3269 
3170 
3167 
3177 
3176 
3167 
3174 
3164 
3163 
3173 
3171 
3160 
3138 
3138 
3735 
3709 
3726 
3715 
3695 
3675 
3627 
3537 
3472 
3395 
3294 
3119 
2921 
2749 
2746 
2751 
3722 
3707 
3710 
3713 
3707 
3712 
3498 
3506 
3676 
3767 
3785 
ca. 3796 
3694 
Mean heatflow 
fmW/m2l 
129.2 
105 
118 
101.5 
128 
123 
126.4 
98 
189 
158.4 
192 
187 
246 
261 
214 
190.1 
215.7 
203 
225 
229.4 
130 
158 
257.7 
255 
217 
64.6 
99.7 
135 
115 
97.5 
217 
291 
disturbed 
measurement 
448 
252 
154 
No penetration 
66.7 
73.8 
No penetration 
35.5 
37.3 
58.2 
100.5 
114.0 
58.0 
98.0 
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HF05P08 
HF05P09 
HF05P10 
HF05P11 
HF05P12 
HF05P13 
HF06P01 
HF06P02 
HF06P03 
HF06P04 
HF06P05 
HF06P06 
HF06P07 
HF07P01 
HF07P02 
HF07P03 
HF07P04 
HF07P05 
HF07P06 
HF07P07 
HF07P08 
HF07P09 
HF07P10 
HF07P11 
HF08P01 
HF08P02 
HF08P03 
HF08P04 
HF08P05 
HF08P06 
HF08P07 
HF08P08 
HF08P09 
HF08P10 
HF08P11 
HF08P12 
HF09P01 
HF09P02 
HF09P03 
HF09P04 
HF09P05 
HF09P06 
HF09P07 
HF09P08 
HF09P09 
HF11P01 
HF11P02 
HF11P03 
HF11P04 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
56.3858 
56.5285 
56.7025 
56.8067 
56.9992 
57.1494 
57.4729 
57.0469 
56.6048 
56.1083 
55.7260 
55.6022 
55.0916 
29.5457 
29.8339 
30.0386 
30.3204 
30.5960 
30.6579 
31.0176 
31.2841 
31.4786 
31.7660 
54.9213 
54.9048 
54.8885 
54.9043 
54.9224 
55.1645 
55.5180 
55.3268 
55.6620 
55.6685 
55.6971 
55.3417 
16.6704 
16.6765 
16.7287 
16.8288 
16.8797 
16.8940 
16.7536 
16.4687 
16.2035 
11.2018 
11.2356 
11.3062 
11.3775 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
-114 
-114 
-114 
-114 
19.9359 
19.4283 
18.8413 
18.3881 
17.8170 
17.3025 
9.9890 
10.0123 
10.0009 
9.9612 
9.8827 
9.8196 
10.0492 
16.7063 
16.3977 
15.7922 
15.1984 
15.0353 
14.4072 
13.9125 
13.3530 
12.9496 
12.3788 
11.8131 
11.5162 
11.2896 
10.9928 
10.7381 
10.6079 
10.6422 
10.3857 
10.1807 
10.0460 
9.2949 
9.1919 
20.8593 
20.6819 
20.3658 
20.0823 
19.8553 
19.5948 
19.4310 
19.3754 
19.2854 
26.0019 
25.9169 
25.6381 
25.3580 
3598 
3446 
3496 
3542 
3520 
3438 
3689 
3665 
3649 
3599 
3512 
3509 
3386 
3568 
3629 
3628 
3656 
3637 
3642 
3688 
3679 
3685 
3727 
3744 
3638 
3645 
3602 
3572 
3500 
3545 
3588 
3506 
3550 
3523 
3530 
3446 
3100 
3056 
3135 
3164 
3064 
3065 
3050 
3039 
3041 
3140 
3159 
3165 
3171 
175 
145 
168 
83.5 
130 
112.3 
119.7 
98.6 
92.3 
190 
183 
No Penetrations 
No penetration 
83.2 
81 
79.4 
82.0 
82.4 
74.1 
87.1 
97.6 
113.3 
132.0 
61.1 
38.2 
78.7 
107.0 
607.0 
156.0 
158.1 
No penetration 
49.3 
No penetration 
152 
No penetration 
177.1 
197 
230 
50.8 
146.0 
191 
168.6 
248.0 
231.0 
124.6 
229.0 
82.7 
141.5 
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77.7 Instrumentation 
11.1.1 Introduction and Description of Instrumentation 
The electrical properties of unconsolidated sediments are generally linked to other physical properties 
through a series of empirical relationships. Based on the investigations of Archie (1942) numerous 
authors have published results linking electrical resistivity to sediment porosity and density. The majority 
of these papers concentrate on sedimentary rocks with low to medium porosities whereas investigations 
on high porosity and unconsolidated sediments are still rare. On the other hand there exist numerous 
studies linking thermal conductivities of sediments to porosity [Brigaud and Vasseur, 1989], Hence a 
more or less continuous vertical profile of the electrical resistivity recorded simultaneously with heat 
flow measurements (temperature gradient and in situ thermal conductivity) could provide detailed 
information of the vertical thermal conductivity structure. This could complement the discrete thermal 
conductivities measured in situ (see Chapter 10). Therefore we designed an instrument for in situ 
measurement of electrical resistivity of deep sea sediment which can be mounted on a violin-bow type 
heat probe as used during this cruise (see Chapter 10). The details of the in situ resistivity system can be 
found in Rosenberger et al. [1999]. 
The operating principle of our probe is based on two 4-point electrode arrays at the tip of the strength 
member of the heat probe. The tip carrying the electrodes is shown in Figure 11.1. It consists of two 
identical horizontal circular electrode arrays with a pair of opposing current electrode arrays and four 
potential electrodes equally spaced between them. They are mounted in an electrically insulating, highly 
abrasion resistant plastic material as shown in Figure 11.1. The electrodes are made from seawater grade 
bronze. Each of the electrodes is wired to a pressure case for the electronics which is housed in the 
weight stand of the heat probe. Employing two vertically separated arrays offers the possibility of an in-
built repeatibility test. 
Figure 11.1 Electrodes integrated in the tip of the heat probe's strength member. 
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Figure 11.2 Violin-bow heat probe with electrode array at the tip of the strength member for in situ 
electrical resistivity measurements. 
The two circular electrode arrays 600 Hz. To prevent crosstalk between the two circular arrays they are 
activated one after the other. The are operated independently. A DC constant current source provides an 
alternating square wave of RMS-signals at the potential electrodes are measured in a time-multiplexed 
fashion with a final frequency of 300 Hz. Additionally the system contains an acceleration sensor and 
pressure sensor which are both located in the pressure case. Samples are taken whenever the array is 
switched, so that acceleration and pressure is sampled with a frequency of 300 Hz as well. To save 
battery power the system is switched on and of at preset depth levels in the water column. 
In order to verify that the physical dimensions of our probe are adequate, we compared the configuration 
factor as predicted by theory witkh results from measurements made in a tank filled with salt water of 
known resistivity. 
Test of the complete probe were made in Lae Constance and the North Sea, proving the proper design of 
the instrument. During this cruise the system was used on almost every deployment of the heat probe 
providing numerous measurements whose interpretation is shown in Chapter 11.2. 
11.1.2 Data Processing 
Data are recovered from hard disk once the heat probe is back on deck. The high sample rate creates a 
large volume of data which is dumped from the measurement system's hard disk to a computer. This is a 
very time-consuming process due to the uncomfortable software of the data acquisition system and the 
large data set. 
Before processing the data, all channels with exception of acceleration are filtered using a moving 
averaging window of 100 (?) samples. In the next step, all channels for each penetration are plotted 
versus time to allow a visual inspection of the data quality. Once the time of penetration has been 
determined, acceleration is integrated twice to give penetration depth as a function of time (see also 
Chapter 12.2). This integration is constrained by the known penetration velocity of 1 m/s at the moment 
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the heat probe hits the seafloor. In a final step readings of the electrode arrays are converted to formation 
factors (see Chapter 13.2.) to allow the interpretation of the data. 
In a number of cases, the integration, even under the constraint of a known penetration velocity, will give 
completely unreasonable from 'penetration depth. However it is not yet clear which parameter helps to 
discriminate 'good' bad' penetrations. 
11.2 First Results 
The large amount of data available now permits to present only two examples of in situ electrical 
measurements. The first one (see Figure 11.3.) is from heat flow station HF03 on the eastern flank of the 
ridge in an area where thermal conductivities are around 1 W/m K. The second one is from the western 
flank (see Figure 11.5.) from HF11 where thermal conductivities are with values around 0.85 W/m K 
considerably lower. This contrast in thermal conductivities certainly reflects differences in porosity, 
which should show up in the formation factor of the two examples. Unfortunately direct comparison of 
this porosity contrast with measurements on cored material is not possible as no core could be taken on 
the western flank of the EPR due to the unfortunate premature termination of the cruise. 
Figure 11.3 and Figure 11.5. are designed in the same fashion: on the left side one can see the record 
when the tip penetrates the seafloor, on the right side the probe is pulled out of the ocean floor. The time 
axis on both sides reflects not the total time since penetration but is relative to the start of the file. In 
between both records is a time window of up to 15 minutes during which the heat probe gathers data. It 
is obvious, that acceleration during penetration is much easier to interpret than accelerations created by 
pullout; therefore only records from penetration will be used to reconstruct the penetration history. The 
array el is the one closer to the tip of the probe, seeing the undisturbed sediments whereas electrode 
array eO is 10 cm further up (see Figure 11.1). Depth transformed records are shown in Figure 11.4. and 
11.6.. Calculated formation factors are shown in Figure 11.7.. 
Figure 11.3. on heat flow line HF03 demonstrates very clearly two facts: (1) both electrode arrays, 
operated in a completely independent way, basically see the same resistivity variations when penetrating 
the sediment. (2) on pullout the characteristic features of the resistivity structure are present. Figure 11.4. 
shows in the right two columns the electrode readings versus depth, giving a more realistic impression of 
the in situ resistivity structure. 
Results of one measurement on heat flow line HF11 (Figure 11.5. and Figure 11.6.) show, that the 
internal porosity structure is quite uniform with a tendency of decreasing porosity with depth. In contrary 
to the first example the upper meter of sediment has a lower porosity which can also be seen in the 
thermal conductivity profile of H0011P01 and H0011P04. 
Figure 11.7. allows to compare formation factors for both sites. First of all, the formation factor for the 
measurement on heat flow station HF03 (Figure 11.7, upper part) agrees very well with values measured 
on gravity core SL01, which was taken not far from this site. Second, there is an offset between electrode 
array 1 and 0, which might be due to the disturbed sediments the upper array 'sees'. The high formation 
factor in a depth of about 2.5 m is, however, difficult to explain as it would mean a considerable 
reduction of almost a factor of 2 of resistivity and hence porosity. It is hard to imagine how the probe can 
penetrate such low porosity sediments. 
The results shown below (Figure 11.7., bottom part) comes from the western flank of the EPR (heat flow 
station HF11), where the formation factor is significantly lower compared to the other measurement. 
This reflects a lower porosity of the sediments in this location which in turn is in good agreement with 
lower in situ thermal conductivities as seen on HF11. 
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Figure 11.3 Pressure, acceleration and readings from electrode arrays eO and el for a heat flow 
penetration on station HF03. 
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Figure 11.4 Penetration velocity and penetration depth versus time (two columns on the left). These data 
are use to calculate raw electrode readings versus depth (two columns on the right). 
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Figure 11.5 Pressure, acceleration and readings from electrode arrays eO and el for a heat flow 
penetration on station HFl 1. 
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Figure 11.6 Penetration velocity and penetration depth versus time (two columns on the left). These data 
are use to calculate raw electrode readings versus depth (two columns on the right). 
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Figure 11.7 Comparison of the formation factors for two measurements 
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12.1 Gravity Corer 
During the whole cruise we used a conventional gravity corer with an approximate corer head weight of 
2 tons. The core barrels have an inside diameter of 124mm and a standard length of 6 m. Once the core 
was recovered, it was split in a work and archive half and stored in D-tubes. All physical property 
measurements were made on the work half. Only during the cruise all cores were stored in the cold 
storage room at 4°C, but shipped back at ambient temperature. Table 12.1. shows locations and 
recovered cores during the cruise. 
Station 
SL01 
SL02 
SL03 
Date 
05/01/00 
07/01/00 
12/01/00 
Position 
Latitude 
-14° 30.39' 
-14° 58.33' 
-15° 31.81' 
Position 
Longitude 
-1110 23.05' 
-109° 12.95' 
-107° 12.26' 
Time of 
penetration 
13:17:00 
21:36:09 
14:10:00 
Core 
recovery 
5.74 m 
0.5 m 
4.88 m 
Temperature 
loggers 
3 
5 
5 
Remarks 
mudmarks 6.20 m 
from core catcher 
bent at 1.75 m 
from core catcher 
mudmarks 5.30 m 
from core catcher 
Table 12.1 Locations and recovered cores. 
12.2 Acceleration monitored coring 
12.2.1 Instrumentation 
12.2.1.1 Introduction and Description of Instrumentation 
It is commonly known that recovered deep sea sediment cores do not necessarily reflect in situ 
sedimentary sequences. On the contrary, the core recovered is more or less disturbed by well-known 
processes such as core compaction and selective coring. The degree of disturbance or core shortening 
depends on the core type used. Generally gravity cores experience a larger amount of core shortening 
than do piston cores. The simplest ways to quantify the amount of core shortening is to record mud 
marks on the outside of the core barrel and compare penetration depth with the length of the recovered 
core. However, the existence of mud marks depends on the sediment type which means that they are not 
always present or upper parts are very soft and washed away. Moreover mud mark recordings in the 
station log of a core station are certainly not done on a routine basis and by no means reported in 
publications interpreting investigations on the recovered core. 
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In Villinger et al. [1999] an acceleration sensor package is described which is mounted in the core head 
to monitor the penetration process of a deep sea gravity or piston core. Integrating acceleration twice 
yields total core displacement from impact until the core comes to a complete stop. Total displacement 
when compared to the total core length recovered is a measure of core shortening and/or selective coring, 
an extremely valuable indicator for the core quality. Because only acceleration is measured, however, it 
is not possible to distinguish between the two processes causing core loss nor it is possible to identify the 
core segment where shortening or selective coring has occurred. 
The design philosophy was to use as many off-the-shelf components/modules as possible to minimize 
development time and cost. To prevent the pressure case containing the sensor package from damage 
during core deployment and recovery it had to be integrated in the weight stand. This constraint and a 
target maximum deployment depth of 6000m resulted in a stainless steel pressure case, 190mm long, 
with an outer diameter of 110mm and an inner diameter of 80mm. A hole in the weight stand large 
enough to house the pressure case allowed the complete integration of the system. Bolts fix the pressure 
case to the weight stand to prevent relative motion (see Figure 12.1.) 
Figure 12.1 Acceleration sensor package mounted in the weight stand of the gravity corer. 
The package consists of an acceleration sensor, a tilt sensor and a pressure sensor. The primary sensor is 
a static vertical acceleration sensor with sufficient sensitivity and a high shock tolerance. This is 
especially important due to the occurrence of high peak accelerations during core recovery and 
deployment. A tilt sensor provides an additional record of the penetration process but is less important as 
discussed in Villinger et al. [1999]. Monitoring the hydrostatic pressure increase during penetration is a 
direct way of deriving total displacement. However, all pressure sensors capable of measuring absolute 
pressures at full ocean depth lack the resolution needed at the high sampling rates required by the fast 
penetration speed of a core. Therefore the integrated pressure sensor provides only a rough estimate of 
total core displacement but serves as a vital trigger to start data storage and an extremely valuable 
constraint for the acceleration-derived total penetration depth. All analogue signals had to be amplified 
and fed through an anti-aliasing filter before being digitized and stored. The monitoring process was 
under control of a small data logger that incorporated a CPU, an A/D converter and solid state memory. 
The complete system is powered by a 9V battery. All technical details can be found in Villinger et al. 
[1999] and Table 12.2. 
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Module Range Resolution 
Vertical acceleration ± 3g 
Tilt ± 20° 
Pressure 400 bar 
0.001 g 
0.5" 
± 0.05 bar 
Datalogger 
TattleTale Lite 5 
13 bit A/D resolution 521 kB memory 
50 Hz sample rate 29 min. total 
storage 
Table 12.2 Technical specifications of the sensors and the data logger. 
Before the core is lowered into the water, the depth threshold level at which the system will start to store 
data in memory has to be set via RS232 link to the data logger. The depth level was always about 100 to 
200m higher than the actual water depth at the core site. After the setup and start of the system in the 
laboratory the pressure case is installed in the core weight stand. The data logger interrogates the 
pressure sensor at a low frequency (0.1 Hz) to monitor depth while the core is lowered to the sea floor. 
Once the preset depth level has been reached the logger starts to acquire and store data from all sensors 
at a software selectable rate, normally at 50Hz. In that way, available memory is sufficiently large to 
store all relevant data just before and during penetration of the core. When the memory is full, the logger 
stops and the data are retrieved via a RS232 link to a computer once the core is on deck. 
The data presented in Villinger et al. [1999] clearly show that it is possible to derive the total penetration 
depth of a gravity or piston corer from acceleration measurements. The system used is fairly simple, easy 
to install in a core head and easy to operate. It was successfully used for every coring operation during 
S0145-1. 
12.2.1.2 Data Processing 
The raw data are processed using calibration constants supplied by the vendors of the sensors. The first 
step consists of finding the exact time window in which penetration occurred. After this data window has 
been extracted to a separate data file, the static acceleration due to the ambient gravity field of the earth 
is removed by averaging the constant acceleration in a time window immediately following complete 
core penetration. Due to the sometimes non-vertical penetration of the core, the static acceleration value 
has to be corrected with the help of the International Gravity Formula which allows calculation the 
earth's gravity for any given latitude. In general all inclinations were less than 7° from vertical. The 
acceleration was integrated twice to get penetration versus time. The calculated total penetration depth 
agreed very well with the depth derived from pressure measurements. 
12.2.1.3 In situ Pressure Calibration with CTD 
During CTD-station CTD01, the system was mounted on the CTD-rosette in order to verify the pressure 
calibration provided by the manufactorer of the sensor. Therefore the CTD was kept stationary at 6 (4 on 
the way down, 2 on the way up) different water depth to be able to compare the high quality pressure 
readings from the CTD with our pressure sensor. The results are shown in Figure 12.2. and confirm the 
specifications as given in the data sheet. 
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Figure 12.2 Comparison of high resolution CTD pressure and acceleration system pressure, measured 
during CTD cast CTD01. 
12.2.2 First Results 
The acceleration monitoring system was mounted on each gravity corer during the cruise. Figure 12.3. 
shows part of the complete record with penetration time indicated by a vertical line. Low-frequent heave 
with periods in the range of seconds is clearly identifiable before penetration. At the moment of 
penetration the character of the acceleration record as well as the tilt changes substantially. 
Acceleration, tilt and pressure during penetration for gravity core SLOl is shown in Figure 12.4. It takes 
the corer with a barrel length of 6 m about 13 sec to come to a complete stop. If one subtracts the earth 
gravity from acceleration and integrates the resulting acceleration changes over time, one obtains 
velocity and penetration depth versus time (see Figure 12.5. for SLOl and Figure 12.7. for SL02), giving 
a total penetration depth of 6 m for SLOl and 4.5 m for SL03. This figures agree very well with the 
length of core recovered, indicating no substantial core compaction or core loss. 
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Figure 12.3 Acceleration, tilt and pressure before and during penetration of gravity core SLOl. The 
vertical line indicates the time when the core cutter hits the sea floor. 
94 
12 Gravity Coring System 
14 
13 -
I1 2 I11 
§ 1 0 
Gravity Core SL01 
8 
10 
159.1 
N=^Aj-W7\f4--= 
i z!So.. AAM^ L^U.^____ 
90 92 
Time [s] 
Figure 12.4 Acceleration, tilt and pressure during penetration of gravity core SLOl. 
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Figure 12.5 Residual acceleration, velocity and penetration of gravity core SLO 1 versus penetration 
time. 
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Figure 12.6 Acceleration, tilt and pressure during penetration of gravity core SL03. 
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Gravity Core SI03 
Figure 12.7 Residual acceleration, velocity and penetration of gravity core SLOl versus penetration 
time. 
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12.3 External Temperature Data Logger 
12.3.1 Instrumentation 
12.3.1.1 Introduction and Description of the Instrumentation 
Traditional marine heat flow measurements consist of the determination of vertical temperature gradient 
and in situ thermal conductivity. They are carried out over penetration depth of the probe of at most 5 to 
6 m. For different marine settings and scientific problems meaningful geothermal measurements require 
penetration depth of the sensors on the order of 10 to 20 m. This is especially necessary 
• when instationary temperatures of bottom water create disturbances of the temperature field in the 
upper few meters of the sediment 
• when deep penetration is needed for detection of an advective component in vertical temperature 
gradients, e.g. in high heat flow regimes like ridge flank environments 
• when additional confirmation of short penetration derived gradients is advisable. 
In the past deep penetration temperature measurements were performed using fragile temperature sensors 
(outriggers) mounted on the outside of a gravity or piston core barrel. All sensors were connected to a 
central data acquisition unit housed in the weight stand of the corer. Due to the high loss rate caused by 
damage on core deployment or recovery and continuing sealing problems with the sensors itself, 
scientists were discouraged to use this method during the last decade. However with the continuing 
miniaturization of electronic components, the development of self-contained small temperature data 
loggers has become technically and financially feasible. The group of Prof. Villinger (Univ. Bremen) 
developed such miniature temperature data loggers together with Fa. Antares (Stuhr) with the following 
specifications: 
• single channel temperature data logger with a resolution of at least lmK at ambient deep sea 
bottom temperatures 
fast response temperature sensor (thermistor) 
• temperature range of-5°C to 60°C 
minimum sample interval of 1 sec 
storage capacity of 64 000 readings (18 hours at 1 sec sample interval) 
pressure housing rated to full ocean depth (6000 m) 
outer diameter of 15mm, length 150mm 
mechanically robust design in order to withstand rough handling during deployment and recovery 
(see Figure 12.8) 
programmable data acquisition and data recovery via RS232 link without opening the pressure 
housing (see Figure 12.9) 
optimized power consumption for long term (3 days) continuous sampling 
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m = • UBBOBIIBD—» 
Figure 12.8 Temperature data logger, housing and electronics. The temperature sensor (thermistor) is 
located in the tip of one of the end caps. 
Figure 12.9 Unit to program the data logger and to retrieve data via RS232 link to a computer using the 
Window-based software WINTEMP. 
The data loggers were tested prior to the cruise in the lab and proved to fulfill the required sensitivity and 
power specifications (see Figure 12.10). A prototype series of the data loggers was extensively tested 
during the cruise. These tests consisted of: 
• in situ calibration of all loggers during a CTD cast, referring all logger temperatures to the high 
quality absolute temperature measurements from the CTD (see chapter 8 for details of CTD) 
• mounting temperature data loggers on the barrel of a gravity core and record temperatures in situ 
during core penetration (see Figure 12.11) 
• mounting temperature data loggers on the strength member of the violin bow heat probe. 
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Figure 12.10 Resolution of the temperature data logger, derived from the simulation of a thermistor 
resistance-temperature curve using a high precision resistance decca box. 
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Figure 12.11 External temperature data logger mounted on the gravity core barrel. 
All results obtained up to now show that the basic mechanical and electronic design fulfills all the 
technical specifications. However, condensation inside some of the pressure cases in combination with a 
slight deformation of the thin-walled housing under pressure led to shorts between pressure case and the 
circuit board, preventing downloading the data without opening the pressure case. These problems will 
be overcome by a redesign of the circuit boards for the next generation of loggers. In addition, the 
software WINTEMP will have to be revised in some minor points to make it more user-friendly. 
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12.3.1.2 In situ Temperature Calibration with CTD 
On CTD cast CTD01 (see Chapter 8) all available temperature data loggers were strapped to the rosette 
containing the CTD in order to calibrate the data loggers with the help of the high quality and high 
resolution absolute temperature readings of the CTD. The CTD was stopped on the way to the seafloor at 
3 different depth levels for about five minutes to get more or less stationary temperature readings of both 
instruments during that period of time. Due to time constraints only one stop on the way up at about 4 °C 
was possible. Table 12.3 and Figure 12.12 show the results of the data loggers which had valid data. In 
general, the conversion from readings to temperatures as implemented in the software WTNTEMP is 
very good as indicated by the slope of nearly 1. The offsets are within the specifications of the chosen 
thermistor type. However, it is surprising that this offset seems to decrease slightly with decreasing 
temperature for all data loggers and that there is a slight hysteresis as the comparison on the way up at 
4°C indicates. It is unclear, if these systematically varying offsets are caused by pressure effects on the 
thermistor or if they have some yet unknown electronic reason. Calibrations in the laboratory in a CTD 
calibration bath will help to answer this question. 
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Figure 12.12 In situ calibration of temperature data loggers during CTD cast CTD01. 
12.3.2 First Results 
Three temperature data loggers were mounted on the outside of the gravity core barrel during coring 
station SLOl. This was the first deployment of the loggers on a core barrel and therefore only three of 
them were used as it was unknown how the complete assembly would survive the penetration into the 
sediments. The test on SLOl proved that the mounting bracket (see Figure 12.11) is robust enough to 
protect the data logger itself from damage during recovery and deployment of the corer and that it did 
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not slip along the core barrel. Figure 12.13 shows a complete temperature record before and during 
penetration, demonstrating the short time constant of the temperature sensor tip (see Figure 12.6). The 
corer is pulled out of the seafloor after about 10 minutes. 
Temperature profiles measured on gravity core station SLOl and SL03 are shown in Figures 12.14 and 
12.15. No attempt was made to extrapolate the decays to infinite time; instead the temperatures just 
before pullout were used and are shown in Figures 12.14 and 12.15. In the case of SLOl the measured 
temperature gradient is linear as expected and agrees well with gradients measured in the close vicinity 
of the core station with a conventional heat probe. It is not clear, however, why this is not the case for the 
measurements on SL03. Part of the explanation might be, that the heat flow in the case of SLOl is almost 
three times higher than at SL03, a fact which emphasizes systematic and/or random nonlinearities in the 
gradient which might be due to penetration disturbance. 
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Figure 12.13 Temperature history of a data logger, mounted on a gravity core barrel before and during 
penetration of the core barrel. The complete residence time in the seafloor was 10 minutes. 
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Figure 12.14 Temperature profile at gravity core station SLOl, recorded with three temperature data 
loggers, mounted on the core barrel. 
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Figure 12.15 Temperature profile at gravity core station SL03, recorded with four temperature data 
loggers, mounted on the core barrel. 
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Temperature data loggers were also mounted on the strength member of the heat probe opposite of the 
sensor string during heat flow stations HF0008 and HFOOl I using bracket adapted to the smaller outer 
diameter of the strength member. With a recording capacity of 18 hours at 1 sec sample interval, the data 
logger can easily record a complete heat flow station. 
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Figure 12.16 Temperature record of a data logger, mounted on the strength member of a violin-bow heat 
probe before and during penetration. 
Figure 12.16 shows just one of the numerous recorded decays of a total length of about 15 minutes. The 
enlargement of the decay itself in Figure 12.17 reveals that undisturbed temperatures are reached after 
about 15 minutes. This long record will help to test different methods to extrapolate the decay to 
undisturbed sediment temperatures. Unfortunately no further measurements on core barrels could be 
made due to the premature termination of the cruise. 
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Figurel2.17 Expanded temperature scale of the decay, shown in Figure 12.16, to demonstrate the almost 
noise-free temperature record. 
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13 Measurement of Physical Properties of Sediment 
13.1 Thermal Conductivity Measurements on Cores 
13.1.1 Instrumentation 
13.1.1.1 Introduction and Description of Instrumentation 
The thermal conductivity measurements on split cores were carried out with a needle-probe (TeKa, 
Berlin). The brass tube of the probe is 6 cm in length and 2 mm in diameter. A heating wire inside of 
the tube is driven by a linear power supply (Armel LPS 301) to create a pulse with a defined amount 
of heat. The temperature decay after a heatpulse is measured by a thermistor, which is placed in the 
middle of the brass tube. We used a digital multimeter (Keithley Modell 2000) to acquire resistivity 
readings from the thermistor and to trigger the heatpulse, the latter is done by an add-on card (Keithley 
2000-SCAN Card). Finally, the whole setup is controlled by a quick-basic program running on an 
IBM-PC compatible computer that is connected to the multimeter via a RS-232 link. 
One measurement per 10 cm has been performed on every core we were able to recover. 
Every measurement contains: 
• 100 s of temperature drift measurement, which indicates the thermal condition of the core 
• 5 s of heating with 350 mA heating current. The total amount of applied heat Q is a function of the 
heating time and the heating current. 
• 155 s of temperature decay measurements - at a sample rate of one resistivity / temperature reading 
per second - from which the thermal conductivity k will be derived 
Figure 13.1 Needle probe 
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13.1.1.2 Data Processing 
Thermal conductivity k is calculated by using the equation 
7X0 = - p - | — — + T0+d-t. (13.1) 
An k t + tsfl 
Except for the last term, which describes an external linear temperature drift, this equation is derived in 
[Villinger and Davis, 1987]. In (13.1) T(t), t and Q are measured and k, tsft, T0 and d are unknown 
parameters. These parameters are calculated by fitting the measured data to (13.1) with a least squares 
method. Because (13.1) is not linear in its parameters, an iterative method is used to perform the fit. For 
this task fmins, which is supplied by Matlab®, is used. The starting parameter vector that fmins expects 
is filled with reasonable values for k (1 W / m K) and t^ (1 s) and with the parameters of a linear 
regression to the temperature drift measurements for T0 and d. 
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Figure 13.2 Example of thermal conductivity measurement and interpretation. 
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13.1.1.3 Calibration of Needle Probes 
In order to test and calibrate the instrumentation before this cruise, several measurements were made in 
jelly, which should have a similar thermal conductivity as water but does not allow transport of heat due 
to convection. The measurements took place in samplecontainers with different geometries (cylindrical, 
split core, whole core) and in different ambient temperature conditions (insulated, equilibrated to room 
temperature, equilibration to room temperature in progress). While evaluating these measurements it 
showed out that the drift term in (13.1) is required to produce reasonable results, especially in cases were 
the sample is not insulated nor in state of thermal equilibrium. Even subtracting a linear trend - derived 
from the temperature drift measurements - from the data has not been very successful, because equation 
(13.1) is only valid for long times after the heat pulse took place (approximately 35 s for the given setup 
[Hartmann, 1997]). This time is enough to allow considerable changes in the temperature drift d and 
therefore causes erroneous calculations for k. 
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Figure 13.3 Calibration results of needle probe measurements in jelly. The difference Ak refers to 
published values of thermal conductivity of water. 
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13.1.2 First Results 
Thermal conductivity measurements were made every 10 cm in the middle of the working half (see 
Figure 13.1.) on all cores recovered after they equilibrated to room temperature of about 23 °C. Data 
points of minor quality are marked with stars. Those measurements will be rechecked at a later point in 
time. 
The termal conductivities can be used to calculate a porosity profile based on an empirical formula 
which links porosity to thermal conductivity [Brigaud and Vasseur, 1989] 
lr — L-t .lr]~0 
K - Ky Km 
with kf=0.605 W/m K as thermal conductivity of seawater at room temperature, km=2.7 W/m K as 
thermal conductivity of the matrix and O as fractional porosity. No corrections for in situ temperatures, 
in situ pressures and corrections due to the calibration in jelly have been applied. Therefore no error bars 
for each datum are assigned yet. An overall error estimate is possible from calibration measurements in 
jelly (see Chapter 13.1.1.3) indicating that measurements on split cores tend to be about 5% too high. 
This effect, however, may be in part compensated by corrections for in situ pressure and temperature. 
Gravity core SL01 was taken on heat flow profile HF0002 and SL03 on profile HF0007. On both 
profiles, numerous in situ thermal conductivities were measured which are shown in Figure 10.11. A 
comparison of these two data sets shows that in situ and laboratory measurement agree very well. 
Calculated porosities for both cores are within a realistic range but will be compared with prosity profiles 
based on GRAPE densities on shore. 
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Figure 13.4. Thermal conductivity profile, gravity core SLOl. Stars indicate measurements which have 
to be rechecked. 
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13.2 Laboratory Resistivity Measurements 
13.2.1 Instrumentation 
During the cruise sediment physical properties as electrical resistivity and thermal conductivity were 
measured on split core sections (working half) after the core had equilibrated to room temperature. A 
complete suite of measurements as acoustic velocity, GRAPE density and susceptibility will be 
measured with a Multi Sensor Core Logger once the cores arrive in Bremen. These measurements, 
especially the GRAPE density, will be used to derive a porosity log which will be integrated in the 
interpretation of thermal conductivity and electrical resistivity measurements. 
The electrical measurements were made with a commercially available instrument, the GEOPULSE 
Modular Resistivity Meter, manufactured by Campus Geophysical Instruments (UK). The instrument is 
equipped with a RS232 link to an IBM-PC compatible computer, enabling complete control of the 
measurement process and data aquisition. The system used is capable of automatic profiling with any 
2,3, or 4 electrode arrays and 25 electronically switched electrodes. 
To perform the measurements on split cores, an array of equidistant 25 electrodes (see Figure 13.8) with 
a separation of 2.5 cm is pressed along the vertical axis on the sediment surface. The resistivity meter 
sweeps a Wenner configuration through the electrode array, giving a resistivity value every 2.5 cm. The 
alternating square wave source signal has a duration of 2 s with a dead time between change of polarity 
of 0.5 s during which the low frequent changes of self potential are measured. The current was set to 1 
mA. A total of 4 cycles is made to minimize errors due to ambient electrical fields. The complete 
measurement is computer-controlled and data are stored directly on disk. In addition, orthogonal 
measurements (parallel and vertical to bedding) were made with a small Wenner array (electrode 
separation of 2.5 cm) to check for anisotropy. 
Figure 13.8 Electrode array used for resistivity measurements on split cores. 
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The quality of the measurements is generally very good with errors of less than 1 %, although random 
erroneous readings were present whose cause could not be determined but which may be caused by high 
ambient electrical noise on the ship or non-reproduceable instrumental problems. 
13.2.2 First Results 
The porosity of unconsolidated sediments can be calculated from electrical resistivity using the empirical 
relationship of Archie [1942]: 
with pw= 0.195 Qm as the resistivity of sea water at room temperature and a standard set of constants of 
a=1.5 and m=2. In the same context the so called formation factor is simply the ratio of measured 
resistivity to resistivity of seawater: 
Figures 13.9a-c and Figures 13.10a-c show the results of gravity core SL01 and SL03. Resulting 
porosity profiles give slightly higher values than those calculated on the basis of thermal 
conductivities. However, this difference should not be overemphasized as only standard values for the 
empirical constants are used. A careful re-evaluation of the constants used will be possible after 
GRAPE density is available. 
117 
13 Measurement of Physical Properties of Sediment 
SL01 
O r 
0.55 0.6 0.65 
Resislivily [n m] 
0.75 
Figure 13.9a Resistivity profile of gravity core SLOl. 
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Figure 13.9b Calculated porosity profile of gravity core SLOl. 
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Figure 13.10a Resistivity profile of gravity core SL03. 
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Figure 13.10b Calculated porosity profile of gravity core SL03. 
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0.192 
0.187 
Mean thennal 
conductivity 
[W/m.K] 
0.95 
n/a 
n/a 
0.94 
n/a 
n/a 
0.95 
n/a 
n/a 
0.96 
n/a 
n/a 
Mean 
heatflow 
[mW/m2] 
129.2 
105 
118 
101.5 
128 
123 
126.4 
98 
189 
158.4 
192 
187 
Heatflow Station HF02 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
33.4705 
33.0674 
32.4404 
32.3556 
31.9585 
31.7081 
31.4658 
31.1618 
30.9154 
30.6419 
30.3897 
30.0647 
29.8162 
Longitude 
Degree 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
-111 
Minutes 
23.8730 
23.7356 
23.6757 
23.5373 
23.4694 
23.4034 
23.3504 
23.5985 
23.2064 
23.1412 
23.0796 
22.9798 
22.8729 
Water 
depth 
[m] 
3170 
3167 
3177 
3176 
3167 
3174 
3164 
3163 
3173 
3171 
3160 
3138 
3138 
No of 
sensors 
10 
10 
9 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
Tilt 
0.9 
5.9 
4.9 
6.0 
3.8 
3.7 
4.0 
3.0 
3.0 
3.0 
2.8 
1.1 
2.5 
Mean 
Gradient 
[K/ml 
0.251 
0.261 
0.214 
0.198 
0.227 
0.203 
0.225 
0.239 
0.130 
0.158 
0.279 
0.255 
0.217 
Mean thermal 
conductivity 
[W/m.K] 
0.98 
n/a 
n/a 
0.96 
0.95 
n/a 
n/a 
0.96 
n/a 
n/a 
0.93 
n/a 
n/a 
Mean 
heatflow 
[mW/m2l 
246 
261 
214 
190.1 
215.7 
203 
225 
229.4 
130 
158 
257.7 
255 
217 
130 
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Heatflow Station HF03 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
58.3104 
57.9720 
57.5039 
57.1035 
56.6182 
56.2466 
55.8273 
55.4402 
55.2055 
54.9938 
54.8091 
54.4245 
54.0007 
53.8502 
53.9461 
Longitude 
Degree 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
Minutes 
12.9160 
12.6920 
12.2759 
11.9651 
11.5005 
11.1693 
10.8390 
10.5072 
10.3101 
10.1517 
9.9799 
9.5837 
9.2456 
9.1597 
9.2207 
Water 
depth 
[ml 
3735 
3709 
3726 
3715 
3695 
3675 
3627 
3537 
3472 
3395 
3294 
3119 
2921 
2749 
2746 
2751 
No of 
sensors 
7 
4 
8 
8 
8 
8 
4 
Tilt 
[°] 
4.5 
9.0 
6.3 
6.1 
6.3 
6.5 
6.1 
Mean 
Gradient 
[K/ml 
0.0587 
0.0997 
0.135 
0.115 
0.0975 
0.217 
0.291 
Mean thermal 
conductivity 
rW/m.Kl 
1.10 
n/a 
n/a 
n/a 
n/a 
n/a 
n/a 
Mean 
heatflow 
[mW/m2] 
64.6 
99.7 
135 
115 
97.5 
217 
291 
disturbed measurement 
8 
8 
8 
7.6 
5.5 
4.8 
0.448 
0.252 
0.154 
n/a 
n/a 
448 
252 
154 
No penetration 
Heatflow Station HF04 
Pen 
1 
2 
3 
4 
5 
6 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
58.7472 
59.1805 
59.4704 
59.5119 
59.6778 
59.9078 
Longitude 
Degree 
-109 
-109 
-109 
-109 
-109 
-109 
Minutes 
13.3191 
13.5192 
13.9608 
13.8424 
13.8225 
14.3672 
Water 
depth 
[ml 
3722 
3707 
3710 
3713 
3707 
3712 
No of 
sensors 
11 
11 
Tilt 
[°1 
2.1 
0.9 
Mean 
Gradient 
[K/ml 
0.0662 
0.0738 
Mean thermal 
conductivity 
[W/m.K] 
1.01 
n/a 
Mean 
heatflow 
[mW/m2l 
No penetrations 
131 
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Heatflow Station HF05 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
55.3959 
55.5388 
55.6945 
55.7989 
55.9790 
56.1379 
56.2878 
56.3858 
56.5285 
56.7025 
56.8067 
56.9992 
57.1494 
Long 
Degree 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
itude 
Minutes 
23.3441 
22.8946 
22.2576 
21.8404 
21.2921 
20.7438 
20.2213 
19.9359 
19.4283 
18.8413 
18.3881 
17.8170 
17.3025 
Water 
depth 
[m] 
3498 
3506 
3676 
3767 
3785 
3796 
3694 
3598 
3446 
3496 
3542 
3520 
3438 
No of 
sensors 
11 
11 
11 
11 
11 
11 
10 
10 
11 
7 
11 
11 
11 
Tilt 
[°] 
1.5 
2.4 
0.1 
2.0 
2.3 
1.3 
5.4 
3.3 
0.9 
3.0 
2.9 
2.0 
3.4 
Mean 
Gradient 
[K/m] 
0.0341 
0.0373 
0.0582 
0.0948 
0.114 
0.058 
0.086 
0.175 
0.145 
0.168 
0.0811 
0.130 
0.109 
Mean thermal 
conductivity 
[W/m.Kl 
1.04 
n/a 
n/a 
1.06 
n/a 
n/a 
1.14 
n/a 
n/a 
n/a 
1.03 
n/a 
1.03 
Mean 
heatflow 
[mW/m2l 
35.5 
37.3 
58.2 
100.5 
114.0 
58.0 
98.0 
175 
145 
168 
83.5 
130 
112.3 
Heatflow Station HF06 
Pen 
1 
2 
3 
4 
5 
6 
7 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
57.4729 
57.0469 
56.6048 
56.1083 
55.7260 
55.6022 
55.0916 
Longitude 
Degree 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
Minutes 
9.9890 
10.0123 
10.0009 
9.9612 
9.8827 
9.8196 
10.0492 
Water 
depth 
[ml 
3689 
3665 
3649 
3599 
3512 
3509 
3386 
No of 
sensors 
9 
9 
6 
6 
6 
Tilt 
[°] 
2.0 
0.5 
4.4 
5.2 
3.9 
Mean 
Gradient 
[K/ml 
0.114 
0.0986 
0.0923 
0.190 
0.171 
Mean thermal 
conductivity 
[W/m.K] 
1.05 
n/a 
n/a 
n/a 
1.07 
Mean 
heatflow 
[mW/m2] 
119.7 
98.6 
92.3 
190 
183 
INU rciieuauuiis 
Heatflow Station HF07 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
Latitude 
Degree 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
-15 
Minutes 
29.5457 
29.8339 
30.0386 
30.3204 
30.5960 
30.6579 
31.0176 
31.2841 
31.4786 
31.7660 
Longitude 
Degree 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
-107 
Minutes 
16.7063 
16.3977 
15.7922 
15.1984 
15.0353 
14.4072 
13.9125 
13.3530 
12.9496 
12.3788 
Water 
depth 
M 
3568 
3629 
3628 
3656 
3637 
3642 
3688 
3679 
3685 
3727 
3744 
No of 
sensors 
Tilt 
[°] 
Mean 
Gradient 
[K/ml 
Mean thermal 
conductivity 
[W/m.Kl 
Mean 
heatflow 
[mW/m2] 
No penetration 
7 
8 
3.5 
2.2 
3.4 
4.0 
4.3 
4.9 
4.6 
3.3 
3.1 
3.7 
0.0778 
0.081 
0.0763 
0.082 
0.0824 
0.0713 
0.0871 
0.0976 
0.110 
0.132 
1.07 
n/a 
1.04 
n/a 
n/a 
1.03 
n/a 
n/a 
1.03 
n/a 
83.2 
81 
79.4 
82.0 
82.4 
74.1 
87.1 
97.6 
113.3 
132.0 
132 
16 Appendices 
Heatflow Station HF08 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
54.9213 
54.9048 
54.8885 
54.9043 
54.9224 
55.1645 
55.5180 
55.3268 
55.6620 
55.6685 
55.6971 
55.3417 
Long 
Degree 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
-109 
itude 
Minutes 
11.8131 
11.5162 
11.2896 
10.9928 
10.7381 
10.6079 
10.6422 
10.3857 
10.1807 
10.0460 
9.2949 
9.1919 
Water 
depth 
M 
3638 
3645 
3602 
3572 
3500 
3545 
3588 
3506 
3550 
3523 
3530 
3446 
No of 
sensors 
8 
9 
10 
9 
7 
11 
7 
Tilt 
[°] 
3.6 
4.4 
9.1 
3.5 
4.1 
1.2 
4.0 
Mean 
Gradient 
[K/m] 
0.0599 
0.0382 
0.0787 
0.107 
0.607 
0.156 
0.155 
Mean thennal 
conductivity 
[W/m.Kl 
1.02 
n/a 
n/a 
n/a 
n/a 
n/a 
1.02 
Mean 
heatflow 
[mW/m2] 
61.1 
38.2 
78.7 
107.0 
607.0 
156.0 
158.1 
No penetration 
11 8.4 0.0493 49.3 
No penetration 
5 18.8 0.152 n/a 152 
No penetration 
Heatflow Station HF09 
Pen 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Latitude 
Degree 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
-14 
Minutes 
16.6704 
16.6765 
16.7287 
16.8288 
16.8797 
16.8940 
16.7536 
16.4687 
16.2035 
Long 
Degree 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
-112 
itude 
Minutes 
20.8593 
20.6819 
20.3658 
20.0823 
19.8553 
19.5948 
19.4310 
19.3754 
19.2854 
Water 
depth 
[m] 
3100 
3056 
3135 
3164 
3064 
3065 
3050 
3039 
3041 
No of 
sensors 
9 
9 
4 
9 
10 
10 
9 
9 
9 
Tilt 
[°] 
1.2 
2.7 
12.5 
2.5 
2.7 
2.6 
n/a 
3.4 
2.8 
Mean 
Gradient 
[K/ml 
0.216 
0.197 
0.23 
0.0605 
0.146 
0.191 
0.196 
0.248 
0.231 
Mean thermal 
conductivity 
[W/m.Kl 
0.82 
n/a 
n/a 
0.84 
n/a 
n/a 
0.86 
n/a 
n/a 
Mean 
heatflow 
[mW/m2] 
177.1 
197 
230 
50.8 
146.0 
191 
168.6 
248.0 
231.0 
Heatflow Station HF11 
Pen 
1 
2 
3 
4 
Latitude 
Degree 
-14 
-14 
-14 
-14 
Minutes 
11.2018 
11.2356 
11.3062 
11.3775 
Longitude 
Degree 
-114 
-114 
-114 
-114 
Minutes 
26.0019 
25.9169 
25.6381 
25.3580 
Water 
depth 
M 
3140 
3159 
3165 
3171 
No of 
sensors 
10 
10 
9 
9 
Tilt 
[°] 
2.9 
5.1 
7.4 
6.5 
Mean 
Gradient 
[K/m] 
0.140 
0.229 
0.0827 
0.159 
Mean thermal 
conductivity 
[W/m.Kl 
0.89 
n/a 
n/a 
0.89 
Mean 
heatflow 
[mW/m2] 
124.6 
229.0 
82.7 
141.5 
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Stationsprotokoll F.S. " S O N N E" 
Gebrauchtes Instrumentarium 
Reise SO 145/1 
Anzahl der Einsatze 
Profilfahrt mit MAG/HS/PS 
Profilfahrt mit Airgun/Streamer/MAG/HS/PS 
CTD Kranzwasserschbpfer mit CTD Sensoren 
HF Warmestromdichtesonde 
SL Schwerelot m. Temperatursonden 
1773 sm 
908 sm 
2 
104 
3 
Eingesetzte Winden 
Winde 
W 1 
W 2 
W 4 
W 5 
W 6 
Winde 
W 1 
W 2 
W 4 
W 5 
W 6 
D/M 
18,2 
18,2 
11,0 
11,0 
18,2 
. TVD 
LWL 
LWL 
NSW 
NSW 
DRAKO 
SO 145/1 
RF-Nr 
816233 
865017 
817141 
817164 
814150 
aefierte max.Lanae 
3816 m 
0000 
0000 
3876 
3723 
SO 145/1 
Einsatz 
111 h 
000 
000 
006 
008 
Gesamt 
Einsatz 
0882 h 
1327 
0222 
0024 
0775 
jemals 
SO 145/1 
S'lanpe 
35248 m 
00000 
03000 
07091 
10600 
aefierte max.LanQe 
6474 m 
6545 
6100 
3876 
7900 
Gesamt 
Slanpe 
247931 m 
834249 
139383 
023211 
634668 
Zust. 
2 
5 
3 
2 
3 
Gerateverluste : Keine 
Abkiirzungen im Stationsprotokoll: 
z.W. 
a.D. 
Boko 
Bosi 
SL(max.) 
LT 
Wx 
HS 
PS 
XPNDR 
zu Wasser 
an Deck 
Bodenkontakt 
Bodensicht 
(maximale)Seillange 
Lottiefe nach Hydrosweep 
eingesetzte Winde 
Hydrosweep 
Parasound 
Transponder 
134 
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Zeit: UTC - 05 Stunden 
26.12.1999 
0856 Beginn Testfahrt mit MAG/Streamer/Airgun 02-29.20S 97-06.38W 
1109 Ende Testfahrt 02-35.80S 97-17.58W 
30.12.1999 
Profil HS01(MAG/HS/PS) 
2031 Beginn Profil 12-59.85S 115-28.72W 
31.12.1999 
1300 Ende Profil 162 sm 13-33.00S 117-00.00W 
Profil SCS01 (Airaun/Streamer/MAG/HS/PS) 
1300 Beginn Profil 13-33.00S 117-00.00W 
1812 Unterbr. Profilfahrt, Umstellung auf Y2K 13-39.30S 116-34.66W 
Schleife uber Stb 
2011 Fortsetzung Profil 13-38.31 S 116-38.69W 
03.01.2000 
1229 Ende Profil 350 sm 14-47.00S 111-18.50W 
Profil SCS02 (Airaun/StreamerMAG/HS/PS) 
1229 Beginn Profil 14-47.00S 111-18.50W 
2004 Ende Profil 39 sm 14-34.95S 111-14.65W 
2033 MAG/Streamer/Airgun a/D 
Station CTD01 CTD W5 
2132 Beginn Station LT = 3241m 14-33.19S 111-21.47W 
2140 CTDz/W 
2315 SL 3215 m LT = 3226 m 14-33.22S 111-21.50W 
04.01.2000 
0039 
0040 
Station HF01 
0105 
0109 
0114 
0117 
0220 
0233 
0240 
0341 
0345 
0351 
0356 
0446 
0451 
0457 
CTD a/D 
Ende Station 
HFWl 
Beginn Station 
HFz/W#01 
Pinger SL 30 m 
XPNDR SL 50 m 
Boko SL 3212 m 
Hieven 
SL 3000 m, verholen 
Fieren #02 
Boko SL 3260 m 
Hieven 
SL 2950 m, verholen 
Fieren #03 
Boko SL 3267 m 
Hieven 
LT = 3225 m 
LT = 3196 m 
LT = 3244 m 
LT = 3244 m 
14-32.90S 111-22.83W 
14-32.88S 111-22.84W 
14-32.94S 111-22.54W 
14-33.01S 111-22.30W 
135 
0505 
0553 
0558 
0613 
0620 
0705 
0711 
0718 
0725 
0757 
0803 
0810 
0816 
0839 
0846 
0900 
0935 
0941 
0947 
0954 
1022 
1028 
1034 
1041 
1106 
1113 
1127 
1134 
1204 
1209 
1216 
1228 
1237 
1244 
1249 
1400 
SL 2950 m, verholen 
Fieren #04 
Boko SL 3272 m 
Hieven 
SL 2950 m, verholen 
Fieren #05 
Boko SL 3266 m 
Hieven 
SL 2950 m, verholen 
Fieren #06 
Boko SL 3251 m 
Hieven 
SL 2950 m, verholen 
Fieren #07 
Boko SL 3234 m 
Hieven 
Fieren #08 
Boko SL 3303 m 
Hieven 
SL 2950 m, verholen 
Fieren #09 
Boko SL 3300 m 
Hieven 
SL 2950 m, verholen 
Fieren #10 
Boko SL 3294 m 
Hieven 
SL 2950 m, verholen 
Fieren #11 
Boko SL 3285 m 
Hieven 
SL 2950 m, verholen 
Fieren #12 
Boko SL 3302 m 
Hieven 
Ende Station 
I6 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
Appendices 
3252 m 
3254 m 
3238 m 
3254 m 
3288 m 
3283 m 
3280 m 
3269 m 
3274 m 
14-33.08S 111-22.01 W 
14-33.16S 111-21.74W 
14-33.22S 111-21.47W 
14-33.28S 111-21.21W 
14-33.34S 111-20.93W 
14-33.41 S 111-20.66W 
14-33.47S 111-20.38W 
14-33.53S 111-20.11W 
14-33.63S 111-19.82W 
Mag-Test (MAG/HS/PS) 
1444 
1610 
Station HF02 
1704 
1706 
1708 
1711 
1808 
Hieven 
1830 
1924 
1928 
Beginn Testfahrt 
Ende Testfahrt 17 sm 
HFW1 
Beginn Station LT = 3172 m 
HFz/W#01 
PingerSL30m 
XPNDR SL 50 m 
Boko SL 3177 m LT = 3170 m 
SL 2950 m, verholen 
Fieren #02 
Boko SL 3174 m LT = 3166 m 
14-34.68S 
14-36.45S 
14-33.52S 
14-33.48S 
14-32.95S 
111-15.77W 
111-24.63W 
111-23.83W 
111-23.84W 
111-23.69W 
136 
1934 
1939 
2028 
2033 
2039 
SL 2950 m, 
2107 
2112 
2124 
2130 
2205 
2209 
2223 
2228 
2302 
2306 
2313 
2317 
2348 
2352 
2358 
05.01.2000 
0003 
0041 
0045 
0059 
0103 
0137 
0141 
0148 
0153 
0227 
0230 
0236 
0241 
0311 
0315 
0329 
0333 
0421 
0424 
0431 
0435 
0512 
0514 
0521 
0619 
0621 
0627 
0628 
Hieven 
SL 2950 m, verholen 
Fieren #03 
Boko SL 3197m 
Hieven 
verholen 
Fieren #04 
Boko SL 3207 m 
Hieven 
SL 2950 m, verholen 
Fieren #05 
Boko SL 3178 m 
Hieven 
SL 2950 m.verholen 
Fieren #06 
Boko SL3191 m 
Hieven 
SL 2950 m, verholen 
Fieren #07 
Boko SL 3170 m 
Hieven 
SL 2950 m, verholen 
Fieren #08 
Boko SL 3166 m 
Hieven 
SL 3000 m, verholen 
Fieren #09 
Boko SL 3187 m 
Hieven 
SL 3000 m, verholen 
Fieren #10 
Boko SL 3187 m 
Hieven 
SL 3000 m, verholen 
Fieren #11 
Boko SL 3179 m 
Hieven 
SL 3000 m, verholen 
Firen#12 
Boko SL 3153 m 
Hieven 
SL 3000m, verholen 
Fieren #13 
Boko SL 3149 m 
Hieven 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
16 
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LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
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3178 m 
3174 m 
3171 m 
3175 m 
3160 m 
3163 m 
3171 m 
3172 m 
3161 m 
3141 m 
3138 m 
14-32.43S 111-23.57W 
14-32.16S 111-23.50W 
14-31.91S 111-23.41W 
14-31.63S 111-23.36W 
14-31.39S 111-23.30W 
14-31.11S 111-23.25W 
14-30.82S 111-23.15W 
14-30.59S 111-23.11W 
14-30.34S 111-23.03W 
14-30.09S 111-22.97 W 
14-29.81S 111-22.89W 
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Station SL01 
0700 
0710 
0817 
0936 
0937 
SLW6 
Beginn Station 
SLz/W 
Boko SL3161 m 
SLa/D 
Ende Station 
LT = 3165 m 
LT = 3165 m 
14-30.34S 111-23.03W 
14-30.40S 111-23.05W 
0956 MAGz/W 14-29.04S 111-21.84W 
Profil HS02 ( MAG/HS/PS ) 
1322 Beginn Profil 14-02.50S 111-00.00W 
06.01.2000 
1717 Ende Profil 315 sm 14-46.20S 109-10.00W 
Profil HS03 ( MAG/HS/PS ) 
1717 Beginn Profil 14-46.20S 109-10.00W 
07.01.2000 
0123 Ende Profil 82 sm 14-53.90S 109-28.70W 
Profil SCS03 ( Airgun/Streamer/MAG/HS/PS ) 
0123 Beginn Profil 
1306 Ende Profil 59 sm 
1328 Airgun/Streamer/MAG a/D 
14-53.90S 109-28.70W 
15-10.00S 109-23.00W 
Station SL02 
1508 
1522 
1637 
1755 
1800 
Station HF03 
1820 
1827 
1830 
1833 
1937 
1951 
2001 
2051 
2059 
2106 
2115 
Fieren #03 
2220 
2226 
2234 
2321 
2328 
SLW6 
Beginn Station 
SLz/W 
Boko SL 3723 m 
SLa/D 
Ende Station 
HFW1 
Beginn Station 
HFz/W#01 
PingerSL30m 
XPNDR SL 50 m 
Boko SL 3743 m 
Hieven 
SL 3300 m, verholen 
Fieren #02 
Boko SL 3739 m 
Hieven 
SL 3300 m, verholen 
Boko SL 3719 m 
Hieven 
SL 3300 m, verholen 
Fieren #04 
Boko SL 3742 m 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
= 3737 m 
-• 3734 m 
=3732 m 
=3737 m 
•• 3709 m 
= 3730 m 
= 3714 m 
14-58.33S 109-12.97W 
14-58.28S 109-12.92W 
14-58.31S 109-12.94W 
14-58.32S 109-12.95W 
14-57.91S 109-12.58W 
14-57.50S 109-12.22W 
14-57.08S 109-11.86W 
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2335 
2344 
08.01.2000 
0042 
0048 
0055 
0103 
0152 
0158 
0204 
0212 
0300 
0306 
0320 
0328 
0414 
0418 
0427 
0433 
0508 
0511 
0518 
0522 
0557 
0600 
0614 
0621 
0649 
0653 
0659 
0705 
0743 
0746 
0746 
0753 
0822 
0825 
0826 
0833 
0928 
0931 
0932 
0936 
0954 
0959 
1000 
1004 
1033 
1036 
1037 
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Hieven 
SL 3300 m, verholen 
Fieren #05 
Boko SL 3716 m LT = 3697 m 
Hieven 
SL 3300 m, verholen 
Fieren #06 
Boko SL 3697 m LT = 3673 m 
Hieven 
SL 3300 m, verholen 
Fieren #07 
Boko SL 3650 m LT = 3626 m 
Hieven 
SL 3300 m, verholen 
Fieren #08 
Boko SL 3584 m LT = 3551 m 
Hieven 
SL 3300 m, verholen 
Fieren #09 
Boko SL3511m LT = 3471m 
Hieven 
SL 3300 m, verholen 
Fieren #10 
Boko SL 3432 m LT = 3389 m 
Hieven 
SL 3100 m, verholen 
Fieren #11 
Boko SL 3336 m LT = 3282 m 
Hieven 
SL 3100 m, verholen 
Fieren #12 
Boko SL 3133 m LT = 3111m 
Hieven, Sonde umgefallen 
SL 2800 m, verholen 
Fieren #13 
Boko SL 2955 m LT = 2929 m 
Hieven, Sonde umgefallen 
SL 2600 m, verholen 
Fieren #14 
Boko SL 2735 m LT = 2739 m 
Hieven, Sonde umgefallen 
SL 2600 m, verholen 
Fieren #15 
Boko SL 2749 m LT = 2747 m 
Hieven, Sonde umgefallen 
SL 2600 m, verholen 
Fieren #16 
Boko SL 2754 m LT = 2755 m 
Hieven, Sonde umgefallen 
14-56.63S 109-11.47W 
14-56.24S 109-11.15W 
14-55.85S 109-10.79W 
14-55.42S 109-10.43W 
14-55.21S 109-10.26W 
14-54.99S 109-10.06W 
14-54.81 S 109-09.89W 
14-54.60S 109-09.70W 
14-54.42S 109-09.55W 
14-53.99S 109-09.18 m 
14-54.11S 109-09.17W 
14-53.88S 109-09.17W 
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1125 
1128 
1132 
1133 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
LT = 3732 m 
Station HF04 HFWl 
1236 Beginn Station 
1241 HFz/W#01 
1245 Pinger SL 30 m 
1247 XPNDR SL 50 m 
1354 Boko SL 3731 m LT = 3730 m 
1408 Hieven 
1416 SL 3500 m, verholen 
1520 Fieren #02 
1524 Boko SL 3702 m LT = 3707 m 
1530 Hieven 
1534 SL 3500 m, verholen 
1628 Fieren#03 
1632 Boko SL 3712 m LT = 3711m 
1638 Hieven, Sonde umgefallen 
1643 SL 3600 m 
1643 Fieren#04 
1645 Boko SL 3717 m LT = 3713 m 
1646 Hieven, Sonde umgefallen 
1652 SL 3500 m, verholen 
1708 Fieren#05 
1713 Boko SL 3716 m LT = 3710 m 
1714 Hieven 
1718 SL 3500 m, verholen 
1811 Fieren#06 
1815 Boko SL 3723 m LT = 3708 m 
1816 Hieven, Sonde umgefallen 
1921 XPNDR a/D 
1923 Pinger a/D 
1928 HFa/D 
1929 Ende Station 
14-58.71S 109-13.27W 
14-58.78S 109-13.29W 
14-59.16S 109-13.66W 
14-59.60S 109-14.00W 
14-59.63S 109-14.00W 
14-59.65S 109-14.14W 
14-59.98S 109-14.37W 
Station HF05 
2034 
2036 
2038 
2044 
2145 
2158 
2205 
2301 
2306 
2312 
2319 
FTFW1 
Beginn Station 
HFz/W#01 
Pinger SL 30 m 
XPNDR SL 50 m 
Boko SL 3509 m 
Hieven 
SL 3200 m, verholen 
Fieren #02 
Boko SL 3509 m 
Hieven 
SL 3200 m, verholen 
LT = 3500 m 
LT = 3500 m 
LT = 3536 m 
14-55.43S 109-23.33W 
14-55.43S 109-23.34W 
14-55.58S 109-22.81W 
09.01.2000 
0018 Fieren #03 
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0025 
0031 
0040 
0129 
0136 
0150 
0156 
0247 
0252 
0258 
0304 
0353 
0358 
0404 
0411 
0503 
0505 
0520 
0525 
0546 
0550 
0556 
0604 
0700 
0703 
0708 
0716 
0805 
0810 
0815 
0823 
0916 
0922 
0936 
0942 
1032 
1037 
1043 
1049 
1140 
1145 
1159 
1302 
1305 
1308 
1310 
Station HF06 
1357 
Boko SL 3688 m 
Hieven 
SL 3300 m, verholen 
Fieren #04 
Boko SL 3751 m 
Hieven 
SL 3500 m, verholen 
Fieren #05 
Boko SL 3781 m 
Hieven 
SL 3500 m, verholen 
Fieren #06 
Boko SL 3816 m 
Hieven 
SL 3500 m, verholen 
Fieren #07 
Boko SL 3697 m 
Hieven 
SL 3500 m, verholen 
Fieren #08 
Boko SL 3687 m 
Hieven 
SL 3350 m, verholen 
Fieren #09 
Boko SL 3467 m 
Hieven 
SL 3200 m, verholen 
Fieren #10 
Boko SL 3485 m 
Hieven 
SL 3200 m, verholen 
Fieren #11 
Boko SL 3559 m 
Hieven 
SL 3300 m, verholen 
Fieren #12 
Boko SL 3556 m 
Hieven 
SL 3300 m, verholen 
Fieren #13 
Boko SL 3500 m 
Hieven 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
HFWl 
Beginn Station 
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LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
LT = 
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3682 m 
3772 m 
3771 m 
3790 m 
3709 m 
3601 m 
3445 m 
3498 m 
3541 m 
3519 m 
3481 m 
3682 m 
14-55.73S 109-22.28W 
14-55.87S 109-21.70W 
14-56.01 S 109-21.19W 
14-56.20S 109-20.67W 
14-56.35S 109-20.13W 
14-56.42S 109-19.86W 
14-56.57S 109-19.33W 
14-56.73S 109-18.78W 
14-56.87S 109-18.26W 
14-57.04S 109-17.72W 
14-57.19S 109-17.17W 
14-57.48S 109-09.93W 
1400 HFz/W#01 
1404 Pinger SL 30 m 
141 
1407 
1507 
1521 
1527 
1621 
1625 
1631 
1635 
1724 
1726 
1732 
1739 
1826 
1832 
1844 
1852 
1943 
1947 
1947 
2000 
2002 
2005 
2016 
2102 
2109 
2123 
2132 
2225 
2229 
2230 
2324 
2326 
2331 
2332 
10.01.2000 
16 
XPNDRSL50m 
Boko SL 3686 m LT = 
Hieven 
SL 3400 m, verholen 
Fieren #02 
Boko SL 3677 m LT = 
Hieven 
SL 3500 m, verholen 
Fieren #03 
Boko SL 3672 m LT = 
Hieven 
SL 3400 m, verholen 
Fieren #04 
Boko SL 3627 m LT = 
Hieven 
SL 3300 m, verholen 
Fieren #05 
Boko SL 3547 m LT = 
Hieven, Sonde umgefallen 
Fieren #06 
Boko SL 3540 m LT = 
Hieven 
SL 3000 m, verholen 
Fieren #07 
Boko SL 3413 m LT = 
Hieven 
SL 3000 m, verholen 
Fieren #08 
Boko SL 3147 m LT = 
Hieven, Sonde umgefallen 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
Profil HS04 (MAG/HS/PS ) 
0027 
11.01.2000 
0416 
Beginn Profil 
Ende Profil 279 sm 
Profil SCS04 ( Airaun/Streamer/MAG/H 
Appendices 
3688 m 
3667 m 
3650 m 
3593 m 
3513 m 
3509 m 
3389 m 
3120 m 
S/PS) 
14-57.53S 109-10.00W 
14-56.97S 109-09.98W 
14-56.53S 109-10.00W 
14-55.99S 109-09.99W 
14-55.51S 109-09.99W 
14-55.49S 109-10.00W 
14-55.01 S 109-09.99W 
14-54.50S 109-10.00W 
14-46.40S 109-09.20W 
15-30.00S 107-20.00W 
0452 Beginn Profil 15-30.1 OS 107-22.50W 
1327 Ende Profil 42 sm 15-33.50S 107-08.00W 
1354 Airgun/Streamer/MAG a/D 
Station HF07 HFW1 
1508 Beginn Station LT = 3578 m 15-29.63S 107-16.92W 
1510 HFz/W#01 
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1512 
1515 
1613 
1613 
1618 
1706 
1710 
1726 
1732 
1812 
1817 
Hieven 
1831 
1832 
1929 
1941 
1945 
HFz/W#04 
2032 
2035 
2139 
2152 
2157 
2249 
2252 
2258 
2302 
2352 
2355 
12.01.2000 
0001 
0006 
0102 
0105 
0120 
0125 
0219 
0222 
0228 
0233 
0327 
0331 
0337 
0343 
0440 
0444 
0458 
0506 
0550 
0554 
PingerSL30m 
XPNDR SL 50 m 
Boko SL 3568 m LT = 3567 m 
Hieven, Sonde umgefallen 
SL 3400 m, verholen 
Fieren #02 
Boko SL 3649 m LT = 3637 m 
Hieven 
SL 3400 m, verholen 
Fieren #03 
Boko SL 3710 m LT = 3629 m 
SL 3400 m, verholen 
Stoppen, Sonde defekt; Hieven 
XPNDR a/D 
Pinger a/D 
HF a/D; Reparatur 
Pinger SL 30 m 
XPNDR SL 50 m 
Boko SL 3654 m LT = 3655 m 
Hieven 
SL 3500 m, verholen 
Fieren #05 
Boko SL 3665 m LT = 3646 m 
Hieven 
SL 3500 m, verholen 
Fieren #06 
Boko SL 3664 m LT = 3644 m 
Hieven 
SL 3500 m, verholen 
Fieren #07 
Boko SL 3700 m LT = 3689 m 
Hieven 
SL 3500 m, verholen 
Fieren #08 
Boko SL 3698 m LT = 3680 m 
Hieven 
SL 3500 m, verholen 
Fieren #09 
Boko SL 3704 m LT = 3689 m 
Hieven 
SL 3500 m, verholen 
Fieren #10 
Boko SL 3740 m LT = 3725 m 
Hieven 
SL 3500 m, verholen 
Fieren #11 
Boko SL 3770 m LT = 3732 m 
15-29.60S 
15-29.87S 
15-30.09S 
15-30.34S 
15-30.59S 
15-30.84S 
15-31.04S 
15-31.30S 
15-31.56S 
15-31.81S 
15-32.04S 
107-16.74W 
107-16.25W 
107-15.75W 
107-15.25W 
107-14.78W 
107-14.26W 
107-13.74W 
107-13.24W 
107-12.75W 
107-12.23W 
107-11.75W 
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0601 
0706 
0708 
0712 
0713 
Station SL03 
0744 
0750 
0910 
Hieven 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
SLW6 
Beginn Station 
SLz/W 
Boko SL3711m 
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LT = 3721 m 
LT = 3725 m 
1036 SLa/D 
1038 Ende Station 
15-31.83S 107-12.28W 
15-31.82S 107-12.24W 
Profil HS05 ( MAG/HS/PS) 
1218 Beginn Profil 15-31.90S 107-28.90W 
2146 Unterbrechen Profil 78 sm 15-57.40S 106-19.72W 
Station 02CTD CTD W5 
2220 Beginn Station LT = 3913 m 15-57.39S 106-20.01W 
2222 CTD z/W 
2343 SL 3876 m LT = 3920 m 15-57.35S 106-19.95W 
13.01.2000 
0108 CTD a/D 
0110 Ende Station 
Profil HS05 Fortsetzung 
0127 Fortsetzung Profil 15-58.63S 106-20.30W 
15.01.2000 
0120 
Station HF08 
0253 
0257 
0300 
0303 
0402 
0417 
0424 
0454 
0458 
0504 
0510 
0532 
0536 
0542 
0548 
0618 
0622 
0636 
0642 
Unterbrechen Profil 
HFWl 
Beginn Station 
HFz/W#01 
Pinger SL 30 m 
XPNDR SL 50 m 
Boko SL 3654 m 
Hieven 
SL 3400 m, verholen 
Fieren #02 
Boko SL 3642 m 
Hieven 
SL 3400 m, verholen 
Fieren #03 
Boko SL 3603 m 
Hieven 
SL 3400 m, verholen 
Fieren #04 
Boko SL 3601 m 
Hieven 
SL 3300 m, verholen 
418 sm 
LT = 3652 m 
LT = 3643 m 
LT = 3624 m 
LT = 3633 m 
LT = 3574 m 
15-18.1 OS 
14-55.01S 
14-54.98S 
14-54.94S 
14-54.93S 
14-54,91 S 
109-05.40W 
109-11.78W 
109-11.71W 
109-11.41W 
109-11.16W 
109-10.89W 
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0704 
0708 
0717 
0724 
0759 
0804 
0810 
0817 
0857 
0901 
0914 
0920 
1013 
1016 
1017 
1021 
1044 
1047 
1054 
1059 
1146 
1149 
1150 
1154 
1244 
1246 
1253 
1259 
1336 
1338 
1340 
1458 
1500 
1504 
1506 
16 
Fieren #05 
Boko SL 3564 m LT = 
Hieven 
SL 3300 m, verholen 
Fieren #06 
Boko SL 3539 m LT = 
Hieven 
SL 3300 m, verholen 
Fieren #07 
Boko SL 3598 m LT = 
Hieven 
SL 3350 m, verholen 
Fieren #08 
Boko SL 3518 m LT = 
Hieven, Sonde umgefallen 
SL 3350 m, verholen 
Fieren #09 
Boko SL 3558 m LT = 
Hieven 
SL 3350 m, verholen 
Fieren #10 
Boko SL 3541 m LT = 
Hieven, Sonde umgefallen 
SL 3350 m, verholen 
Fieren #11 
Boko SL 3533 m LT = 
Hieven 
SL 3300 m, verholen 
Fieren #12 
Boko SL 3486 m LT = 
Hieven 
XPNDR a/D 
Pinger a/D 
HFa/D 
Ende Station 
Profil HS05 Fortsetzung 
1635 Fortsetzung Profil 
Appendices 
3494 m 
3553 m 
3587 m 
3504 m 
3544 m 
3519 m 
3529 m 
3420 m 
14-54.95S 109-10.60W 
14-55.22S 109-10.59W 
14-55.60S 109-10.65W 
14-55.55S 109-10.19W 
14-55.66S 109-10.20W 
14-55.64S 109-09.16W 
14-55.24S 109-09.21W 
15-08.1 OS 109-05.40W 
16.01.2000 
0751 Ende Profil 145 sm 13-57.48S 110-27.22W 
Profil HS06( MAG/HS/PS) 
0751 Beginn Profil 15-08.1 OS 109-05.40W 
17.01.2000 
0149 Ende Profil 160 sm 14-02.00S 112-15.00W 
Station HF09 HFW1 
0327 Beginn Station LT = 3107 m 14-16.72S 112-20.95W 
0331 HFz/W#01 
0334 Pinger SL 30 m 
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0338 XPNDR SL 50 m 
0444 Boko SL 3123 m LT = 3107 m 14-16.72S 112-20.84W 
0458 Hieven 
0503 SL 2900 m, verholen 
0531 Fieren #02 
0535 Boko SL 3132 m LT = 3089 m 14-16.76S 112-20.60W 
0541 Hieven 
0545 SL 2900 m, verholen 
0614 Fieren #03 
0618 Boko SL 3114 m LT = 3124 m 14-16.82S 112-20.30W 
0620 Hieven 
0625 SL 2900 m, verholen 
0703 Fieren #04 
0707 Boko SL 3159 m LT = 3178 m 14-16.91 S 112-20.04W 
0722 Hieven 
0728 SL 2900 m, verholen 
0801 Fieren #05 
0804 Boko SL 3074 m LT = 3062 m 14-16.95S 112-19.76W 
0810 Hieven 
0814 SL 2900 m, verholen 
0852 Fieren #06 
0855 Boko SL 3074 m LT = 3065 m 14-17.00S 112-19.50W 
0901 Hieven 
0907 SL 2900 m, verholen 
0948 Fieren #07 
0951 Boko SL 3082 m LT = 3052 m 14-16.72S 112-19.46W 
1005 Hieven 
1010 SL 2900 m, verholen 
1041 Fieren #08 
1044 Boko SL 3049 m LT = 3038 m 14-16.46S 112-19.38W 
1050 Hieven 
1054 SL 2900 m, verholen 
1124 Fieren #09 
1127 Boko SL 3060 m LT = 3042 m 14-16.20S 112-19.33W 
1134 Hieven 
1137 SL 2900 m, verholen 
HF Sonde defekt 
1153 Hieven 
1247 XPNDR a/D 
1249 Pingera/D 
1252 HFa/D 
1254 Ende Station 
Profit HS 07 ( MAG/HS/PS ) 
1507 BeginnProfil 14-33.90S 112-28.46W 
18.01.2000 
0159 EndeProfil 116 sm 14-05.50S 114-25.00W 
Station HF 11 HFW1 
0246 Beginn Station LT = 3114m 14-11.13S 114-26.22W 
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0248 HF z/W #01 
0251 PingerSL30m 
0254 XPNDR SL 50 m 
0354 Boko SL3161m LT = 3138m 14-11.22S 114-25.99W 
0408 Hieven 
0414 SL 2900 m, verholen 
0430 Fieren #02 
0435 Boko SL3166m LT = 3151m 14-11.27S 114-25.83W 
0442 Hieven 
0446 SL 2900 m, verholen 
0516 Fiere#03 
0521 Boko SL 3180 m LT = 3159 m 14-11.36S 114-25.58W 
0527 Hieven 
0533 SL 2900 m, verholen 
0600 Fieren #04 
0605 Boko SL 3180 m LT = 3180 m 14-11.41S 114-25.29W 
0620 Hieven 
0726 XPNDR a/D 
0729 Pinger a/D 
0734 HF a/D, Ende Station 
Abbruch der Forschungsarbeiten ( Schaden Ruderanlage; nehmen 
Kurs auf Talcahuano zwecks Reparatur) 
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